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Nocardiosis is one of the most difficult bronchiopulmonary infect¬
ion to diagnose because of its close morphological, physiological and
antigenic resemblance as well as its coexistence with other bacteria
which cause chronic pulmonary diseases, especially Mycobacterium tuber¬
culosis. The objective of this work is to apply improved techniques to
the delineation of the antigenic specificity of Nocardia asteroides
which may provide early diagnosis to detect specific antibodies in the
sera of nocardiosis patients. Nocardia asteroides B1042 was grown in
modified Sauton's medium in liquid shake culture at 35°C for 4 and 6
weeks. Culture filtrates (CF) and homogenates (H) were prepared and
concentrated. The protein content of the CF and H was estimated.
Rabbits were immunized with the CF and H antigens in incomplete Freund
Adjuvant. These antigens were analyzed by immunoelectrophoresis (lEP),
isoelectric focusing (lEF) and an immunoelectro-transfer blot technique
modified for use with pH gradient polyacrylamide gels. Rabbit antisera
to the CF and H antigens demonstrated consistency in antibody production
with the maximum number of precipitin arcs observed after 8 to 12 weeks
of immunization. The isofocused patterns of the CF and H proteins were
similar with only quantitative differences in the respective components.
An exception was that one band at 3.5 pH was present in the CF, but not
in the H antigenic complex. Each pattern revealed at least 20 protein
components having isoelectric points (pis) in the range of pi 4.0 to
5.4. The modified immunoelectro-transfer blot technique was optimized
and combined with the sensitivity afforded by enzyme immunoassay (EIA).
These combined techniques showed that most of the proteins of the iso¬
focused patterns reacted as antigens against rabbit antisera, and at
least 8 of them also reacted with sera from nocardiosis and tuberculosis
patients. A specific antigen with a pi 4.68 reacted with 47% of the sera
from nocardiosis cases and not with those from tuberculosis patients.
Three monoclonal antibodies (MAbs) directed against three of these anti¬
genic factors (1,6 and 8), located at pis 4.0, 4.43 and 4.68 respectively,
were produced. Two of these MAbs showed specificity to Nocardia because
they did not react with the typical Mycobacterium tuberculosis sonicated
cell extract. The potential use of these MAbs will facilitate the further
evaluation of specific j^. asteroides antigens and may even provide a
rapid serological test for nocardiosis.
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Nocardiosis is an acute or chronic infection usually produced by
three species of Nocardia: (i) Nocardia asteroides, (ii) Nocardia brasi-
1iensis, and (iii) Nocardia caviae. These Nocardia species are soil-
inhabiting Actinomycetaceae (fungus-like bacteria), gram positive,
aerobic, and partially acid-fast. The infection typically occurs through
inhalation of contaminated dust paricles, or traumatic implantation of
the organism into the tissue with splinters or thorns, or can be surgi¬
cally induced as in tooth extraction (Harris, 1980). Rare cases of
infection have been reportedly due to J^. brasiliensis or ][. caviae which
occur more frequently in Central and South America, Mexico, India and
Africa. asteroides often causes pulmonary disease and it is the most
common pathogenic species encountered in the United States and Europe.
Norcardiosis is usually manifested in three forms: (1) mycetoma, a
disease of the exposed parts of the body, especially the feet although
subcutaneous tissues of the back, hands or head may be infected; (2)
pulmonary lesions as "pseudotuberculosis", which occur more frequently;
and (3) abscess of the brain and meningitis as a consequence of dis¬
semination. In chronic infections, hematogenous spread leads to systemic
metastatic lesions, which often form in the central nervous system, i.e.
cerebral abscess (Byrne, et ^., 1979). Nocardiosis is encountered with
increased frequency as an opportunistic pathogen in immunocompromised
hosts (Beaman, ^ al., 1976; Williams, al_., 1971). It has been re¬
ported in patients receiving immunosuppression for treatment of cancer
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(Young, ^ , 1971) renal and cardiac allografts (Krick, 1975; Simpson,
^ , 1981; Stevens, ^ £l_., 1981).
Nocardiosis is one of the most difficult bronchiopulmonary infection
to diagnose because of the absence of characteristic symptoms and its
close morphological, physiological and antigenic resemblance to Myco¬
bacterium tuberculosis. In addition, nocardiosis can occur concurrently
with tuberculosis or with other bacterial causes of chronic pulmonary
diseases and its involvement with almost every organ in the body has been
reported (Welsh, ^ £l_., 1961; Batshon, ^ ^., 1971; Pribor, 1976;
Byrne, 1979; Curry, 1980; Enzman,^^., 1980; Venugopal, 1980).
Because of this coexistence with diseases that are more easily diagnosed
it may often go undetected and untreated. The estimate of 500 to 1,000
new cases every year of substantial infections with Nocardia species
in the United States (Beaman, ^ ^., 1976) is probably an understate¬
ment. The incidence is almost surely higher (Curry, 1980) because: (1)
the serodiagnostic techniques remain slow and crude; (2) primary iso¬
lation of nocardiae from clinical samples is complicated by rapid, heavy
overgrowth with other bacteria; and (3) the assimilation, cell wall,
physiological, and biochemical analysis methods (Berd, 1973a,b) are slow,
specialized and often beyond the reach of local hospitals. With the
growing number of patients becoming susceptible to this disease and a
high mortality from undetected nocardiosis, an improved technique that
has the prospect of providing rapid, early diagnosis by the detection
of specific antibodies in the sera of nocardiosis patients is urgently
needed. This would minimize the need for invasive diagnostic procedures
that carry the risk of spreading the infection to adjacent tissues.
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Since the treatment of nocardiosis is quite different from tuberculosis
and that of other bacterial infections, correct identification and dia¬
gnosis is particularly important.
The antigenic structure of N^. asteroides is still unknown and many
antigens of varying chemical composition are present. Some of them
are species-specific (Bojalil and Cerbon, 1959; Estrada-Parra, et al.,
1965; Pier, ^ al_., 1968; Thurston, ^ £]_., 1968; Kingsburg and Slack,
1969; Ortiz-Ortiz, 1972) and others are known to cross-react
with other bacteria, especially Mycobacterium tuberculosis (Humphreys,
^ , 1975; Blumer and Kaufman, 1979; Bjorvatn, and Kronvall, 1980;
Rajki, ^ al_., 1982) the occurrence of soluble arabinogalactans from
nocardia species and their serological crossreactivity with similar or
identical polysaccharides from mycobacteria or corynebacteria has been
known for a long time (Yamamura, ^ , 1972). Moreover, within one
species there is a considerable variation in the antigenic composition
which can be related to various culture conditions as well as the age of
the culture. Seven serotypes of asteroides have been identified by
agar gel diffusion tests of culture filtrate antigens (Pier and Fichtner,
1971 and 1981) and adsorption of immune sera with antigens from cross¬
reacting types (Kurup and Scribner, 1981). Recently, Rajki et al_. (1982)
compared soluble antigens recovered from the homogenates of various
mycobacteria and ]i. asteroides cultures by isoelectric focusing (lEF),
and showed that proteins from these bacteria are predominantly acidic,
focusing within the pH range of 4.0 to 6.0. None of these proteins,
however, have been used extensively in serodiagnostic tests for nocardio¬
sis.
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In this study, it was reasoned that by analyzing the proteins in
asteroides homogenates and culture filtrates, from the same batch
cultures, by Immunoelectrophoresis (lEP) and lEF, the antigenic factors
could be enumerated. Those antigens displaying specificity for
asteroides could then be further characterized by the immunoelectre¬
transfer blot technique modified for use with isofocused polyacrylamide
gels. This technique resulted in the high resolution of asteroi des
protein factors and their immunodetection with the sensitivity afforded
by enzyme immunoassay (EIA). With the aid of this modified immunoelec-
tro-transfer blot technique in combination with the EIA, the most promis¬
ing specific antigenic factors for nocardiosis were identified and
isolated. In addition, monoclonal antibodies (MAbs) were produced against




Nomenclature, Taxonomy and General Characteristics
In 1888 Nocard isolated Streptothrix farcim’ca, an acid fast aerobic,
filamentous organism, from cattle affected with a lymphatic disease
called "farcy". Cladothrix asteroides was the first organism to be iso¬
lated from human cerebral abscess and meningitis by Eppinger in 1890.
Blanchard (1896) proposed the name Nocardia asteroides that remains in
use today. In 1909 Lindenberg isolated another filamentous bacterial
species from the leg of a patient and named the organism Dictyomyces bras-
iliensis. This bacterium was renamed Nocardia brasiliensis byCastellani
and Chalmers in 1913. Snijders in 1924 isolated Nocardia otitidis caviarum
from the ear of an infected guinea pig, and this organism was reclassi¬
fied Nocardia caviae in 1935 by Erik son.
Nocardia species are soil inhabiting Actinomycetaceae (fungus-like
bacteria), that are filamentous, gram-positive, and partially acid-fast.
These bacteria are characterized by a unique life cycle which is very
different from most bacteria: bacillary and coccoid cells grow progress¬
ively into an extensive branched mycelium, then fragment rapidly into
spherical cells identical to the parental cells. There is some variation
in the extent of mycelial growth and the length of time before frag¬
mentation is complete (McClung, 1949; Adams and McClung, 1962; Beaman,
1975; Heinzen and Ensign, 1975; Beadles, ^ j^., 1980). The colonial
morphology of nocardiae is also variable. The coloration may be buff,
orange, red, brown or white, the texture soft or friable, smooth or
granular and irregular, wrinkled or heaped. These configurations depend
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to some extent on the type of nutrients in the culture medium (Bojalil
and Cerbon, 1959). Nocardiae are generally resistant to lysozyme, pro¬
duce acid from carbohydrates oxidatively, and utilize sugars, fatty
acids, hydrocarbons and steroids as sole sources of carbon (Goodfellow,
1971). Their cell walls contain meso-diamino pimelic acid (m-Dap),
arabinose, galactose and nocardomycolic acid. The latter complex lipid
has a 50-carbon skeleton (Schleifer and Kandler, 1972; Lechevalier, ^
a1., 1973). The guanosine-cytosine percent (GC) of purified nocardial
DNA varies from 67-69% (Yamaguchi, 1967).
Epidemiology
Nocardia species cause a disease in humans and animals known as
nocardiosis. In humans, nocardiosis is an acute or chronic infection and
manifests itself in three forms: (a) mycetoma, a disease of the exposed
parts of the body, especially the feet, although subcutaneous tissues
of the back, hands or head may be infected; (b) pulmonary lesions as in
pseudotuberculosis; and (c) abscess of the brain and meningitis indi¬
cative of systemic infection. Less frequent cases of infection result
from ^ caviae and ][. brasi1iensis, which produce mycetoma that occurs
more often in Central and South American, Mexico, India and Africa
(Hogshead and Stein, 1970; Berd, 1973c; Alteras, ^ , 1980). N^.
asteroides often causes pulmonary disease and it is the most common
pathogenic species encountered in the United States and Europe (Murray
^ , 1961; Susens et ^., 1967; Kurup ^ , 1970; Curry, 1980).
Infection typically occurs through inhalation of contaminated dust parti¬
cles, or traumatic implantation of the organism into the tissue with
splinters or thorns, or can in rare instances be surgically induced
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as in a tooth extraction (Palmer, ^ al_., 1974; Harris, 1980; Venugopal,
1980). Approximately half of nocardiosis patients have suppressed immune
defenses, usually caused by the systemic administration of corticosteroids
(Schlossberg, et al_., 1980). The conventional wisdom is that Ji. asteroides
is not a communicable disease in humans or animals (Welsh, £t ^., 1961,
Curry, 1980), but Stevens and co-workers in 1981 provided evidence for
contagiousness of nocardiosis and recommended respiratory isolation of
cases with pulmonary nocardiosis, especially when there are immunocom¬
promised hosts in the environment.
Current studies show that individuals of almost any age are suscept¬
ible to nocardiosis infection, but the infection occurs more frequently
among persons over 45 years of age (Present, et ^., 1973; Palmer, et al.,
1974). Males are more susceptible than females with the ratio of 2:1;
and Caucasions more than any of other races (Cross and Binford, 1962;
Frazier, ^ ^., 1975). There are an estimated 500 to 1000 new cases
every year of substantial infection with Nocardia species in the United
States (Beaman, ^ , 1976). The true incidence is almost surely
higher because the diagnostic techniques remain slow and crude, and the
symptoms of nocardiosis are non-specific. Nocardiosis can co-exist
with other diseases that are more easily diagnosed with the result
that further diagnostic procedures are not performed. In fact, Beaman
in 1972 stated that "nocardiosis is far more common than rabies and
botulism".
Pathogenesis
Nocardiosis usually occurs primarily as a pulmonary parenchymal
infection which may be transitory, localized or disseminated, and
clinically may simulate bronchopneumonia, tuberculosis, lung abscess
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or neoplasm. Nocardiosis is encountered with an increased frequency as
an opportunistic pathogen in immunocompromised hosts (Enzyman, et a1.,
1980). About 30% of cases remain pulmonary (Kurup, 1976), but metasta¬
sis can occur to any tissue or organ of the body via hematogenous spread
usually leading to systemic metastatic lesions in the central nervous
system, i.e. cerebral abscess (Poretz, ^ £l_., 1975; Folb, et£l_., 1976;
Byrne, ^ al_., 1979; Venugopal, 1980). Involvement of almost every organ
system has been reported including the lungs, central nervous system,
brain (Pribor, 1976), skin (Beaman, ^ aj_., 1976), arm (Martinelli and
Tagliapietra, 1970), eye (Batshon, ^ ^., 1971), intestine (Burdon,
1971), spleen, kidney, heart and bones (Murray, aj_ 1961). Nocardia
has been reported in association with a larger number of diseases includ¬
ing malignancy (Young, 1971; Brown ^ al_., 1980) asthma, emphy¬
sema, tuberculosis, alcoholism (Curry, 1980), systemic lupus erythema¬
tosus (Hathway, 1962), diabetes (Krick, 1975), leukemia, Hodgkin's lym¬
phoma (Grossman, ^ , 1970), arthritis (Venkateswara, ^ aj_., 1981;
Di Vittorio, ^ ^., 1982) and with recipients of renal and cardiac
allografts or those who are receiving corticosteroid or immunosuppressive
therapy (Pani jayanond, ^ , 1972; Schlossberg, ^ al_., 1980; Simpson,
^ al_., 1981; Stevens, ^ jil_., 1981).
Although the lung is recognized as the target organ for infection
by Nocardia species, the pathogenesis of these infections is incompletely
understood. Numerous authors have reported the production of experimental
infection in different animals. In general, several factors effect the
pathogenic potential of Nocardia: 1) The phase of bacterial growth; 2)
virulence of the strain; 3) host factors; and 4) the route of exposure.
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Gonzalez-Ochoa (1973) produced a more progressive infection in the foot
pads of mice with N. brasiliensis than with either asteroides or
caviae. In contrast, Beaman ^ in 1980 showed that asteroides
was more progressive when introduced in the foot pad, in the tail and
subcutaneously, while caviae was more lethal. Kurup ^ (1970)
found that caviae was also more virulent in guinea pigs, rabbits and
chickens than the other two species, and Uesaka et al. (1971) reported
that asteroides was more virulent than brasilienis in mice. In
1971, Smith and Hayward indicated that caviae was more pathogenic
than N. asteroides by the intravenous route in mice whereas Beaman et al.
(1980) demonstrated the reverse. Beaman ^ (1980) were in agreement
with Smith and Hayward's results when the organism was injected intra¬
muscularly. These two organisms demonstrated similar pathogenicity when
injected intraperitoneal ly in mice (Beaman, ^ aj_., 1980). Since these
authors did not use the identical strain for their infections, the viru¬
lence of the strain was an uncontrolled variable.
During the growth cycle of asteroides, dramatic changes occur in
the cell wall constituents, and structure, and in the virulence of these
organisms. L-forms of Nocardia are wal1-deficient phenotypes that can
be induced by growth in the presence of cycloserine (Beaman, 1975; Bead-
les,^ al_., 1980, Davi s-Scibienski and Beaman, 1980; Beaman, et al.,
1981). Log phase, and therefore filamentous forms of ][. asteroi des, are
more virulent than the stationary phase cocci-bacillary forms (Beaman
and Smathers, 1976; Beaman, 1979). It also appeared that isolates of
asteroides display specific organ tropisms, indicating a compartmentali-
zation of the host response. This tropism depends upon the relative
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virulence of different strains and the route of inoculation. (Beaman,
^ al_., 1980). Most virulent strains primarily infect the kidneys,
whereas less virulent strains infect the lungs and heart, and the least
virulent strains infect the lung. Intranasal inoculation produces a
more virulent infection than inhalation of an aerosol of the organism
(Beaman and Maslam, 1977).
This compartmentalization of the host response facilitated studies
of the host Nocardia interaction at the cellular level, pioneered by
Beaman and co-workers. Over the last few years they demonstrated that
cell mediated immunity, activated macrophages, and T-lymphocytes are of
paramount importance in host resistance to nocardial infection, thus anti¬
bodies and certain B-lymphocyte subpopulations are not essential (Bea¬
man, ^ aj_., 1978; Beaman, 1979; Beaman, ^ £l_., 1982; Deem, et al.,
1982). Deem, ^ (1982) were able to adoptively transfer immunity
to infection with asteroides with either specifically primed spleen
cells or splenic T-lymphocytes. In 1983, Deem, ^ found a close
association between the T-cell membrane and the cell wall of . asteroides.
Immunologically specific T-cells recognized, bound and killed the target
organism. This may be an important mechanism of host defense, because
these organisms often are able to escape intracellular killing by macro¬
phages.
Because of the systemic nature of most nocardial infections, their
similarity to other granulomatous processes, their coexistence with other
diseases, and the complexity of the host defense mechanism against No¬
cardia, diagnosis usually fails to identify the causative agent. Thus,
with a growing number of patients becoming susceptible, due to the double
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thrust of an aging population and one with more immunosuppressive condi¬
tions, clinicians are more aware of nocardiosis. The microbiologist
should be more discriminating in the isolation and identification of
Nocardia, because it is clear that early diagnosis is needed for appro¬
priate treatment.
Identification of Nocardia
Many problems are encountered in the isolation and identification of
Nocardia species. Proper specimen collection is the first dilemma. No-
cardiae are rarely isolated from blood and cannot be reliably be detected
in sputum. They are best recovered from pulmonary brush biopsy, percutane¬
ous lung aspiration, needle biopsy or open lung biopsy (Shone, et al.,
1973; Palmer, ^ £l_., 1974). Cultivating the specimen is the second
major problem, because, if only blood agar is employed, the plates could
be discarded before growth becomes evident or other more rapid-growing
bacteria would lead to a false identification. Nevertheless, sputum
and pus are the specimens most frequently received in the laboratory,
and should be placed on Sabouraud's, egg, or paraffin medium. Paraffin
medium is especially effective in the recovery of noncardiae when other
organisms are present. This is because the ability of |^. asteroides to
selectively utilize paraffin as the sole carbon source (Present, et al.,
1973; Venugopal, 1980).
Once the organism has been isolated, Nocardia still presents a con¬
fusing picture due its resemblance to both true bacteria (morphological¬
ly, physiologically, and antigenically) and to fungi in the tendency to
produce filamentous, branching growth (Kwapinski and Horsman, 1973;
Gordon, 1976). Due to its pleomorphic bacillary form and fungus-like
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colony morphology, Nocardia has given taxonomists problems for years.
Studies of the cell wall chemical composition has classified it as a
bacterium. Its cell wall skeleton consists of the "mycolic acid-arabino-
gal atan-mucopeptide" complex (Azuma, ^ , 1970 and 1973).
The characteristic filamentous branching must be observed for the
proper microscopic identification of Nocardia species. Slide cultures
are recommended (Georg, ^ , 1961) because these organisms are fragile
and the process of making a smear often causes the filaments to break
into coccoid and bacillary forms. The modified Kinyoun's acid-fast stain
is applied with 1% H2SO4 as the decolorizing agent (Georg, ^ a1.,
1961). The acid fastness may vary from good to variable to negative and
is often difficult to interpret. If the filaments are broken, different¬
iation from Actinomyces, Mycobacterium, Corynebacteria or Streptomyces
cannot be made without further investigations. Even if branching is
observed, the organism is often confused with Corynebacterium which
forms "X,Y,Z" shapes resembling branches (Wilson and Plunkett, 1965).
However, the acid-fast stain differentiates Nocardia from Corynebacterium,
Actinomyces, and Streptomyces, although the degree to which Nocardia
species are acid-fast varies with the type of medium employed, the
age of the culture and the staining technique (Haley, 1964). Once the
bacterium is determined to be acid-fast, evidence of branching eliminates
Mycobacterium species from consideration because the latter species do
not branch. If there is no branching, other studies may be necessary to
distinguish between Nocardia and Mycobacterium species. Thus, the final
identification depends upon the results of a battery of physiological and
biochemical tests. The results of such tests are recorded in Table 1.
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Table 1. Physiological and biochemical identification of Nocardia and
representative Streptomyces species
Species


































































N. asteroides N. brasiliensis N. caviae S. madurae
Tyrosine + + +
Xanthine - - + -
Urea + + + -
Cel 1 wal 1:
Meso -DAP3 + + + +





Procedural details of each test are adequately described by Berd
(1973a,b).
Serological Studies on Nocardia species
The study of antigens of Nocardia has been pursued intermittently
for over 50 years (Drake and Henrici, 1943). Among these studies, some
have been devoted to taxonomic differentiation of related organisms and
others to the diagnosis of infection.
Antigenic structures of great complexity have been demonstrated
among bacteria of the genera Nocardia and Mycobacterium. In addition
to their antigenic differences, some of these studies demonstrated anti¬
genic differences within the genus and within species of Nocardia. Many
of these studies were based on investigations conducted with antigens
derived from whole cells, cell extracts, cell cytoplasm, cell walls,
and culture filtrates. Beside differences in antigen preparation, these
investigations used a variety of serological techniques to assess anti¬
genic variations including agglutination, hemagglutination, complement
fixation, and precipitin analyses by diffusion in agar gels. In some of
these reports evidence for genus-specific as well species-specific anti¬
gens were presented but none has been used extensively. This is pro¬
bably due to their low degree of sensitivity, specificity or both. An
improved and extended knowledge of the serological relationships bet¬
ween these genera would be of clinical benefit if the studies were aimed
at the production of more specific reagents. Such reagents should in¬
clude skin test antigens, the preparation of vaccines, development of
improved methods of serological identification of Nocardia species and
their adaptation to new serodiagnostic methods.
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Analysis by Means of Agglutination
Scheidau and Shaffer (1960) observed cross-reactivity between species
of Nocardia and Mycobacterium tuberculosis. In 1962, Cummins analyzed
the antigenic structure of cell walls of Nocardia and Mycobacteria and
found a common antigenic component which had arabinose and galactose
as the principal wall sugars.
Analysis by Means of Hemagglutination
It was found that erythrocytes sensitized with antigens from culture
filtrates of asteroides reacted with antisera prepared against nocard-
iae and some mycobacteria, but specificity could be discerned by a com¬
bination of hemagglutination and hemolytic inhibition tests (Thurston, ^
, 1968).
Analysis by Means of Complement-Fixation
Kwapinski (1966) showed variability in the cross-reactivities in
the cell wall components from different nocardial and mycobacterial
species. In 1965, Pier and Keeler used JN. asteroides culture filtrate
antigens in complement-fixation tests to detect antibodies in bovine
nocardiosis. In 1968 Pier ^ performed comparative studies on sera
from cattle with nocardiosis or mycobacteriosis. They found that myco¬
bacterial complement-fixing antigens did not differentiate between sera
from cattle infected with either Nocardia or Mycobacteria species. How¬
ever, nocardial antigens did not cross-react with sera of cattle infected
with mycobacteria. Using IN. asteroides culture filtrate antigens, Shain-
house et al. (1978) detected antibodies in human nocardiosis as well as in
human tuberculosis and leprosy patient sera.
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Analysis by Means of Immunodiffusion
The most comprehensive studies on serological relationships between
Nocardia and Mycobacteria have been performed with immunodiffusion methods.
All mycobacterial and nocardial strains possess at least one antigen or
hapten in common (Castelnuovo, ^ aj_., 1964, 1968; Kwapinski, ^ al.,
1973). Ridel! (1974) and Ridell and Norlin (1973), using reference
precipitation systems representing several species of Mycobacteria and
Nocardia. found that the two genera had one to seven precipitinogens in
common, thus revealing a high degree of serological cross-reactivity.
This similarity was even shown when these systems were applied with
ribosomal preparations (Ridell, et al_., 1979). In 1981 Ridell showed
that ]i. asteroides was a heterogeneous species in which at least one
homologous group exists. Pier and Fichtner (1971, 1981), using
asteroides culture filtrate, delineated four serotypes with types I, II
and III specific for N.* asteroides and type IV occuring singly or in
combination with II and III. Type I was the most frequent infecting
type, type III and IV were less frequent and type II the least frequent
in cattle and humans. Type II and IV are predominant in the environment
and are isolated from some humans. This heterogeneity of ]^. asteroides
was also demonstrated by Kurup and his co-workers in 1981 and 1983 with
the exception that they found seven immunotypes instead of four, each
with its own distinct specific antigenic determinant. They employed
immuno-absorption of crossreacting antigens in immunodiffusion,
crossed-immunoelectrophoresis, rocket electrophoresis and two-dimensional
electrophoresis. The majority of their isolates were from humans.
Immunodiffusion is used as a serodiagnostic test for nocardiosis
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(Humphreys, ^ , 1975; Blumer and Kaufman, 1979). Supernates from
ultrasonical ly disrupted N^. asteroides and two different preparations of
culture filtrates and homogenates were used as the source of antigens.
Antibodies were detected in patients with nocardiosis, tuberculosis,
leprosy, actinomycosis, coccidioidomycosis, blastomycosis and hist-
plasmosis as well as in normal human sera. The latter finding probably
reflects subclinical exposure to these common soil-dwelling bacteria.
Immunochemical Analysis
In 1962, Cummins described a common antigenic component in species
of Nocardia and Mycobacteria which had arabinose and galactose as the
principal cell wall sugars. Further studies of N. asteroides and
brasiliensis cell wall polysaccharides revealed the existence of two
immunol ogical ly active polysaccharides (Zamora, ^ ^., 1963; Estrada-
Parra, ^ al_., 1965): (1 ) Poly I, which is soluble at pH 10 and consists
of galactosearabinose (molar ratio 1:3), is group-specific and crossreacts
with antibodies in sera from patients with tuberculosis and leprosy; (2)
Poly II, which is soluble at pH 5, consists of galactose-arabinose-mannose,
is species specific for brasiliensis because it does not crossreact
with sera from tuberculosis or leprosy patients or with poly II extracted
from asteroides. In the years since that initial report these results
have not been confirmed. In a series of papers, Azuma and co-workers
(1970, 1972 and 1973) studied the chemical characteristics of cell walls
in Mycobacteria and Nocardia species. These cell walls are composed of a
common "mycolic acid - arabinogalactan mucopeptide" complex. Arabino-
mannan and arabinogalactan showed a potent serological activity in preci¬
pitation, complement fixation, and passive hemaglutination tests with
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rabbit antisera prepared against heat-killed homologous and heterologous
whole bacteria or cell walls. At the Mycological Antigen Workshop held
at San Francisco, CA. in 1971, it was concluded that arabinomannan
antigen is common to Mycobacteria and Nocardia species and it exhibits
polydispersity and microheterogeneity. These polysaccharides can be
electrophoresed into distinct fractions, all of which are identical in
immunodiffusion. In contrast, arabinogalactan did not exhibit this
variation in its molecular size but it was also completely crossreactive
among genera of mycobacteria and taxonomical1y related organisms.
In comparison with studies on the common polysaccharide antigens
there are fewer investigations published concerning common or specific
protein antigens. However, Kwapinski and his co-workers in 1966 and
1973 reported that a common cytoplasmic protein fraction antigen from
different strains of Nocardia and Mycobacteria was a polysaccharide-
nucleo-protein complex. This finding has not been further explored.
In 1982, Rajki et analyzed protein antigens from the culture fil¬
trates and homogenates of Mycobacteria and Nocardia species by isoelect¬
ric focusing which revealed that most of the proteins had pis in the
range of 4.0 - 6.0. Cross-reactivities between these proteins were
observed by crossed immunoelectrophoresis and immunoelectrofocusing
using rabbit anti ]1. bovis BCG antibody containing gels. The same
results were shown in 1983 by El-Zaatari £t a^.> with the exception of
the use of patient sera infected with nocardiosis and tuberculosis. With
the application of the enzyme-linked immunoelectro-transfer blot techn¬
ique modified with the use of isofocused gels, they were able to delin¬
eate the most promising factor, localized at pi 4.68, for nocardiosis
which did not crossreact with tuberculosis patient sera.
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Two enzymes from asteroides were analyzed recently: (1) alkaline
phosphatase by Emeruwa (1981) from cell extracts at all the growth cycle
stages; and (2) superoxide dismutase (SOD) by Beaman ^ aj_. (1983)
from the culture filtrate. Alkaline phosphatase activity increased and
reached its maximum at the log phase (branched) of the growth cycle
and then declined rapidly as cells started to fragment (stationary phase).
There was no measurable activity detected in the culture filtrates. Its
optimal acitivty was at pH 10 at 37°C and it was similar to alkaline phos¬
phatases found in different sources. In contrast, asteroides SOD from
a virulent strain was unique and species-specific. It was secreted (75%
of total proteins) with a molecular weight of 100,000 daltons consisting
of 4-equal subunits held together noncovalently. It also consisted of
2g atoms of Mg'*'^, Fe'''^ and Zn'''^ with trace amounts of Cu'^^, Co'''^ and
Ni'*’^ which was unusual (other bacterial SOD have only one or two metals).
This SOD was different from the trimer Mycobacterium tuberculosis SOD
which had a molecular weight of 65,000 daltons and contained only Fe'’’^.
Immunofluorescent staining of live cells of asteroides revealed the
association of SOD enzyme with the outer cell wall; and other species
of Nocardia did not demonstrate that location.
Taking into consideration the serological mapping of the common
and specific antigens, it would be of interest to analyze in greater
detail the antigenic determinants from a physio-chemical point of view
by the use of hybridoma technology. Such studies should encompass both
polysaccharide and protein antigens primarily from ji. asteroides and
related Mycobacteria. When immunochemically well-defined compounds
have been isolated they should also be analyzed for their biological
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properties as enzymes as well as their clinical importance for diagnostic
and potential immunostimulatory purposes.
Diagnosis and Treatment of Nocardiosis
Nocardiosis is one of the most difficult bronchopulmonary infections
to diagnose because of the absence of characteristic symptomology and its
close morphological and physiological resemblance to Mycobacterium tuber-
culosis (Hammond, 1971; Palmer, ^ , 1974). In addition, nocardio¬
sis often occurs in concurrence with tuberculosis, with bacterial in¬
fections, and with other systemic diseases such as chronic pulmonary
disease. Because of this coexistence it may often go undetected and
untreated. The signs and symptoms of nocardiosis are both nonspecific
and various. Some general symptoms are malaise, fever, night sweats,
anorexia, weight loss and a productive cough with bloodstreaked sputum
in cases of pulmonary involvement.
The development of appropriate serological methods to detect speci¬
fic antibodies in the sera of nocardiosis patients has not been very
successful. Since Drake and Henrici (1943) demonstrated that guinea
pigs could be sensitized with ][. asteroides, attempts have been devoted
to the development of a skin test antigen which would aid in the dia¬
gnosis of nocardiosis and distinguish particularly between nocardiosis
and tuberculosis. Such preparations have included: (1) sensitins pre¬
pared in the general manner of tuberculins (Bojalil and Cerbon, 1959;
Magnusson, 1962); (2) ethanol precipitates of culture filtrates (Dyson
and Slack, 1963); (3) trichloroacetic acid extracts of filtrates (Pier
and Keeler, 1965); (4) a phenol-extract polypeptide (Kingsbury and Slack,
1969); and (5) cytoplasmic extracts (Ortiz-Ortiz, et al., 1972). However,
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a completely satisfactory antigen which will not cross-react with Myco¬
bacterium tuberculosis and which has been adequately tested in humans
has not been employed.
The most reliable approach to diagnose nocardiosis depends solely on
the isolation of Nocardia on the appropriate culture medium, followed by
identification with morphological examination and biochemical tests to
confirm its identity as mentioned earlier under the "Identification of
Nocardia" (page 11).
It has been well established that Nocardia is usually sensitive to
the sulfonamides but not responsive to most antibiotics, including rifam-
picin used for treating other bacterial, mycobacterial, or mycotic infec¬
tions. Although investigators are still uncertain about the synergistic
effect of other antimicrobics alone or in combination with sulfonamides,
recent studies revealed that minocycline, a tetracycline derivative, is
as effective as sulfonamide (Petersen, et al., 1983). In other recent
studies it was shown that trimethoprim-sulfamethoxazole is very effec¬
tive in selected patients (Smego, et al., 1983).
Because studies indicate that a localized infection can be treated
more easily than a disseminated one, early detection and treatment great¬
ly enhances the patient's survival (Present, al_., 1973; Folb, et al.,
1976). Too often diagnosis is made by findings obtained upon autopsy.
Immunoelectrophoresis
This technique is an analytical tool which combines the principles
of (1) zonal electrophoresis (Smithies, 1955), (2) immunodiffusion (Ouch-
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terlony, 1948, 1949), and (3) the precipitin reaction between antigen
and its particular polyvalent or monospecific antibody (Heidelberger and
Kendal, 1929). With this technique, which was introduced in 1953 by
Grabar and Williams, mixtures of proteins are separated by electro¬
phoresis on the basis of their mobility in an electric field and the
separated proteins are then allowed to diffuse against antiserum specific
for the antigens under investigation. A visible arc of precipitate
forms when the zone of equivalence between the reactants is reached.
The position of the immunoglobulin bands developed with a given
immunoelectrophoretic procedure is relatively stable, and the shape of
the bands is consistent as long as the same conditions (e.g. pH, ioni-
city, supporting medium, temperature, voltage) are maintained (Grabar
and Burton, 1964; Ouchterlony, 1970; Williams, 1971; Kochwa, 1980).
Thus, the Immunoelectrophoresis (lEP) technique offers a very useful
comparative test and is often an indispensible diagnostic adjunct in
the study of diseases associated with immunoglobulinopathy (Engle and
Wallis, 1969).
Isoelectric Focusing
The separation of a mixture of proteins by their differential
migration in an electric field (electrophoresis) depends on the net
charge of the protein molecules and to a lesser extent on their size.
Electrophoretic techniques have for a long time been the main tools for
the characterization of complex mixtures of protein and for testing
their purity. Since electrophoresis was introduced by Svedberg and
Tiselius in 1926, much effort has been devoted to the refinement of its
resolving properties. This has resulted in the development of a whole
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family of electrophoretic techniques, among which isoelectrofocusing
(lEF) is a relatively recent contribution.
lEF consists of electrophoresis in a pH gradient and was invented by
Cramer and Svensson in 1961 in Sweden. It is perhaps the most ingenious
and effective electrophoretic method for separating proteins according
to a well-defined chemical constant, the isoelectric point (pi), i.e.
the pH at which a protein is least soluble, has a net charge of zero and
thus fail to migrate in an electric field. If a focused protein tries
to escape from its pi position (e.g., by diffusion), it will obtain a
net charge that forces it back into position. lEF is unique in compari¬
son to other separation techniques; concentration of the separated pro¬
teins takes place at the same time that separation is obtained. For the
fundamental aspects of lEF the reader is referred to the review by Catsin-
poolas, 1975.
The application of lEF progressed rapidly because of the introduc¬
tion of the first commercial carrier ampholytes, which are designed
amphoteric substances produced by the reaction of acrylic acid with
polyethylene polyamines (Vesterberg, 1969). Originally lEF was devised
as a preparative method for use in vertical columns stabilized by density
gradients. The advantages of polyacrylamide gels (PAG) as a stabilizing
medium were discovered almost simultaneously by several workers in 1968
(Awdeh,^^.; Dale and Latner; Leaback and Rutter; Wrighley) and was
used for analytical purposes (Righetti and Drysdale, 1974; Vesterberg,
1979) as shown in Table 2. Polyacrylamide is a virtually uncharged
polymer with an extremely low electroosmotic effect, thus permitting the
generation of a very stable pH gradient. It is characterized according
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to the parameters defined by Hjerten, 1962:
a + b b
T= [n .100.C = a + i3 .100
where a = grams of acrylamide, b = grams of N, - methylenebisacry-
1 amide (Bis); and m = ml of H2O.
Polyacrylamide should always be chosen to give a maximum pore size
for the protein or proteins of interest. PAG with T = 5% and C = 3%
has been found suitable to analyze many different proteins with a wide
range of molecular weights and it combines a low degree of sieving with
reasonable mechanical stability (Blatter, ^ , 1972). The analytical
gel-IEF technique has been subjected to further developments and improve¬
ments (Bours, 1971; Wadstrom and Smyth, 1975). The use of cooling plates
for thin layer (Vesterberg, 1972) and of a constant wattage with high
voltage technique (Soderholm, ^ £l_., 1975) have made it possible to
perform separations within one hour.
The pH gradient is established by using a mixture of carrier ampho¬
lytes. These molecules have a "back bone" on which a varying number
of NH3'*’ and COO" groups are attached. Like proteins, these substances
possess net charges that vary with pH and have sharply defined pis.
Ampholine(I^) is the trade name of mixtures of such carrier ampholytes
with pi values tightly arranged over a specified pH range. Under an
electrical field the ampholyte molecules migrate and automatically
arrange themselves in the order of their various pis and produce an
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ascending pH gradient from the anode to the cathode. When the pH gradi¬
ent is fully established, the net charges of the carrier ampholytes will
be zero and the gradient becomes stationary. Good ampholines must have
a low and even conductivity across the pH gradient so that focusing is
equally effective in all regions of the gels. An even conductivity means
that the temperature in the gel will remain even, thus allowing accur¬
ate determinations of pi (Laas et 1980). Ampholines are available for
different ranges (wide and narrow) of pH gradients. In general, there is
low resolution when a wide pH gradient is used, whereas for high resol¬
ution of proteins a narrow pH gradient is preferred. Special attention
should be given to the atmospheric pressure, especially when using the
high narrow range (e.g. pH 8-10.5), because HC0"3 ions interact with the
carrier ampholytes and disrupt the pH gradient (Delincee and Radola,
1978).
lEF in thin-layer PAG is now an established and powerful method
which offers many advantages over the analytical electrophoresis techni¬
ques. Conditions are easily optimized and standardized (Righetti and
Drysdale, 1971; Delincee, ^ , 1971). Since PAG is more efficiently
cooled, the experimental time is considerably shortened. Many samples
can be run simultaneously under identical conditions. The pH gradient
determination is easily conducted with a surface pH electrode or by a
gel slicing procedure (Vesterberg, 1972). The resolution of a complex
protein mixture is extremely high and can reveal microheterogeneity in
the preparation of pure proteins (Wellner, 1971; Radola and Graesslin,
1977).
Besides giving information about the protein mixture, lEF permits
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estimation of the isoelectric spectrum of a sample which is of great
value in doing comparative studies and planning other separation methods
based on charge, e.g. ion-exchange chromatography and electrophoresis
(Leaback, 1975). This technique has successfully been used with electro¬
phoresis for two dimensional separation (O'Farrell, 1975; King and Marcum,
1982). In the clinical field, it has been used for screening various
hemoglobins (Jeppsson and Berglund, 1972) and for separating urinary
proteins (Dreisler, ^ aj_., 1972). Sufficient quantities of purified
protein may be eluted from slices of the gel for immunization (Radola,
1969).
In order to facilitate the use of analytical lEF, ready made acryla¬
mide gels, called Ampholine PAG plates, are commercially available. These
plates have several advantages over the laboratory-prepared gels by pro¬
viding: i) opportunities to further reduce analysis time by eliminating
gel-preparation time; ii) safer handling by eliminating the potential
neurotoxicity of the unpolymerized acrylamide (monomer) gel solution;
iii) more convenient because of the plastic support which lessens its
susceptibility to mechanical damage, allowing the gel to be cut and
adapted to the actual number of samples, while the remaining gel can
be sorted for future use; and iv) less potential for inter-laboratory
differences in stability of the medium and carrier-ampholyte composition,
which could cause variation in the protein patterns (Lundstorm and Rode¬
rick, 1979). Ampholine PAG plates are available for the pH ranges
3.5-9.5, 4-5, 4-6.5 and 5.5-8.5 and are delivered in kits containing
gels, electrode strips, sample application pieces, plastic sheets for
gel preservation, a template and bottles for the electrode solutions.
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Protein Blotting
Analysis of separated proteins with the high resolving power of PAGE
has been limited because the majority of proteins lie buried within the
gel matrix and are therefore not readily accessible for further manipu¬
lations. Several methods were developed to overcome this problem, e.g.
elution of the proteins (Bustin,^^., 1978), or immunofixation; direct
application of antisera (Burridge, 1976; Adair, ^ , 1978) or the
use of other protein probes (Snabes, ^ , 1981). These methods are,
in general, time-consuming, insensitive and also lead to a loss of reso¬
lution.
Blotting techniques for nucleic acid analysis pioneered by Southern,
in 1975, provided the incentive for developing equivalent methods for
protein detection, which have led to an important breakthrough in protein
analysis. Using the protein blotting method, the high resolution ob¬
tained with PAGE is maintained by transferring the proteins out of the
gel matrix onto the surface of a solid support matrix. The fraction¬
ated proteins become accessible to analysis by a wide variety of probes,
e.g. immunodetection with specifically labeled antibody. Indirect tests
use unlabeled antibody followed by anti-immunoglobulin labeled with
(Towbin, ^ al^, 1979; Erlich, ^ al^., 1979) or with peroxidase to give
an enzyme immunoassay (Van Raamdonk, et ^., 1977; Towbin, ^ , 1979;
and Tsang, et ^., 1983). staphyl occocal protein A (Burnette, 1981
and Bhullar, ^ ^., 1981) is yet another indication for indirect
immunoassay.
Three principal types of immobilizing matrices have been employed
in protein blotting experiments: a) diazo-cellulose papers, diazobenzy-
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loxymethyl (DBM) and diazophenylthioether (DPT) (Alwine, et , 1977;
Wahl, ^ , 1979; Bittner, ^ , 1980; Stellweg and Dahlberg, 1980;
Symington, , 1981), b) cyanogen bromide activated (CBA) papers
(Clark, ^ aj[., 1979); and c) nitrocellulose (NC) papers (Towbin, ^
al., 1979; Nagamine, et , 1980; Bowen, ^ , 1980; Tsang, ^ al.,
1983). Whereas Di azo-cel lulose and CBA papers require more preparation
than NC, they have the considerable advantage of covalently binding to
the transferred proteins, though the exact mechanism of binding of CBA
paper to these proteins is unclear. NC paper is currently the most
widely used transfer medium and has the advantages of being relatively
cheap, simple to use, and a long shelf-life (at least 12 month at A^C).
The precise nature of protein- NC binding is not fully understood.
However, it seems to be the result of a number of factors including
hydrophobic and ionic interactions as well as hydrogenbonding.
Proteins may be transferred from a gel with (Towbin, et ^., 1979;
Reiser and Wardale, 1981; and Tsang, ^ , 1983) or without (Southern,
1975; Bowen, ^ , 1980; Reinhart and Malamud, 1982) electrophoresis.
Electrophoretic transfer has been the method of choice because it achieves
much higher transfer efficiency together with shorter blotting time,
increases screening capacity, retains band sharpness and the transfer
conditions are precise and reproducible. Since electrical current is
quantifiable and can be manipulated, transfers can be optimized through
control of field strength; low and high field strengths are required to
allow optimal interaction with the blotting paper when transferring
small and high molecular weight proteins. Electrophoretic transfer is
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also quantitative and can be used for preparative applications (Stellwag,
and Dahl berg, 1980; Winberg and Hammarskjold, 1980; Tsang, ^ al.,
1983). The simplicity with which these extremely sensitive methods
can be performed makes them among the most widely used and powerful ana¬
lytical tools in contemporary molecular biology. Under optimal conditions
it is now possible to detect as little as 10 picograms of specific protein
using the immunodetection probes (Vaesen et , 1981). These electro¬
phoretic methods require a specific apparatus (Trans-blot cell) which is
commercially available or can be made in the laboratory workshop (Bittner
et al., 1980).
The choice of transfer buffer and associated pre- and post-transfer
washes are important considerations in the design of any protein blott¬
ing experiment (Fig. 1). The inclusion of a pre-transfer step is fre¬
quently desirable in order to equilibrate the gel prior to transfer.
In order to obtain the most efficient transfer of proteins from the gel
to the NC paper, it is necessary not only that the blot be run for a
sufficient length of time, but also that the transfer buffer composi¬
tion, e.g. Tris-glycine (Towbin ^., 1979; Burnette, 1981; Tsang ^
al., 1983) or phosphate buffer (Bittner al_.» 1980), and pH ensure the
maximum solubility of all the proteins under investigation. Upon comple¬
tion of the transfer, it is important to block any remaining free-binding
sites on the NC paper in order to reduce non-specific binding of the
probe and thus to achieve a clean background. This can be accomplished
by incubating the transfer with Denhardt's reagent (Denhardt, 1966) or
a 2-5% bovine serum albumin (fraction V) solution (Towbin ^ , 1979;
Shen ^ £l_., 1980; Burnette, 1981). Phosphate-buffered saline mixed
Fig. 1. The principal steps in a typical electrophoretic blotting.
NC = nitrocellulose









with tween-20 (PBS/T) can be used to assist in renaturation of the proteins
(Tsang, ^ a1_., 1983). The probe binding buffer, e.g. PBS/T, should be
designed to optimize the specific binding of the probe (Bowen et al.,
1980; Gilmour, et , 1981). At the end of the probe incubation, excess
unbound probe is removed by washing the NC paper. An important step in
any protein blotting experiment is to determine which proteins have been
transferred to the NC paper. Although all the proteins may have migrated
out of the gel they are not necessarily retained by the NC paper. Trans¬
ferred proteins are detected by staining either with amido black (Towbin,
^ £l_., 1979), aniline black (Bowen, ^ , 1980), Cocmassie brilliant
blue R-250 (Burnette, 1981), fast green (Reinhart and Malamud, 1982) or
India ink (Hancock and Tsang, 1983) or by using immuno-detection methods.
Over the last four years, protein blotting has been applied to an
increasingly diverse range of problems. It offers a new dimension to
protein analysis. In addition to being a simple and highly sensitive
analytical technique, the method clearly has preparative applications
including the identification of DNA and RNA binding proteins (Bowen, ^
al., 1980; Gilmour, 1981), glycoproteins (Erlich, et ^., 1979),
protein-protein interactions; for example those between histones or ribo-
somal proteins (Bowen, ^ , 1980). The screening of various antigens
and antibodies (Towbin, et al., 1979; Erlich, ^ > 1979; Burnette,
1981; Bhullar, ^ Ji. 5 1981; Symington, ^ » 1981; Tsang, et al.,
1983) is the application in the present research on Nocardia asteroides.
Protein blotting will undoubtedly have significant impact in other areas
of protein chemistry.
In every case, transfer is a function of molecular weight with the
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larger proteins being transferred more slowly (Burnette, 1981). Where
particularly large proteins (> 100,000 daltons) are to be transferred,
blotting time can become very long. One way to overcome this problem
is to first break the proteins into a number of small peptides before or
during their transfer from the gel. Gibson, in 1981, developed an ingeni¬
ous digestion technique by soaking a filter paper on the cathodic side
of the gel in a solution of pronase (an inexpensive, stable, broad spec¬
trum protease). Once the electroblotting is started, the pronase migrates
out of the filter paper and into the gel where it is free to digest the
proteins. The resulting peptides are then readily transferred out of
the gel and onto the NC paper. Most protein electroblotting techni¬
ques up to now have used protein-denaturing conditions such as sodium
dodecyl sulfate (SOS) (Bittner, ^ , 1980; Tsang, ^ , 1983), urea
(Towbin, ^ , 1979) or SDS+urea (Bowen, ^ , 1980). The two-dimen¬
sional O'Farrell gel (1975) is the ultimate method for resolving a
protein mixture. Partial proteolysis (Erlich, ^ , 1979; Reiser and
Wardale, 1981; Symington, ^ ^., 1981; and Burnette, 1981) has been
encountered either before or during electroblotting when acetate or
methanolic buffers were used. These methods allow a detailed examination
of the distribution of specific binding sites within the protein (Bowen,
^ li*» 1980). However, one problem with these methods is that whereas
the protein-denaturing reagents improve the transfer efficiencies, they
may at the same time alter or destroy the native conformation of the
potential antigenic epitope within the protein and prevent its recogni¬
tion by the appropriate antibody. It was reasoned that by using lEF and
non-denaturing, mild buffers, proteins would be blotted in the native
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state resulting in functionally active, separated and immobilized anti¬
gens. We have modified the blotting method of Tsang, ^ aj_. 1983, and
optimized its conditions for use of lEF with rapid electrophoretic
blotting.
Monoclonal Antibodies And Hybridomas
For many years, the heterogenecity of antibody preparations was an
impediment to solving the specificity problem because of the difficulty
of analyzing a mixture of antibody molecules. The introduction of
hybrid myelomas for the continuous supply of monoclonal antibodies (MAbs)
was the result of basic advances in immunology and in cell biology.
Burnet's clonal selection theory established that enormous heterogeneity
of antibodies was due to the existence of an equally complex population
of clones of cells, each one synthesizing a single idiotype. Multiple
myeloma, resulting in the transformation of a single lymphocyte or plasma
cell in the direction of uncontrolled cell division, could then be con¬
sidered as tumors of such antibody-producing cells. The immunoglobulin
(Ig) produced by such tumors has a uniform chemical structure, i.e.
homogeneous, since it arises from the clonal expansion of single cell.
Induced tumors in mice became the subject of intensive research and
eventually were adapted to grow permanently in culture. Lines of plasma
cytomas actively secreting Ig became available in 1970 (Horibata and
Harris).
Somatic cell hybrids, formed by spontaneous fusion of two different
cells in culture, became a tool for basic research when methods for their
production and selection were developed in the mid 1960s (Ringerts and Sa¬
vage, 1976). The immediate event in somatic cell hybridization is the
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fusion of the cell membrane, generating multinucleated (generally bi-
nucleated) cells or heterokaryons. In a matter of days, synkaryons form
when the nuclei fuse and are capable of synchronous mitosis; in the
process the hybrid usually loses some chromosomes but retains some of
the genetic information as well as the properties of each of the parental
cells, and eventually stabilizes. Up to 1976, somatic cell hybrids were
used for gene-mapping and -expression studies. The fusion of two myeloma
cells, a critical step in the origin of "hybridoma" technology, belongs
in this category.
The problem of producing and characterizing antisera were altered
when Kohler and Mil stein, in 1975 and 1976, discovered that large number
of homogeneous antibodies of nearly any desired specificity could be
obtained by fusing Ab-producing mouse spleen cells with mouse myeloma
cells. This discovery has led to greatly increased use of somatic cell
hybridization and has created a revolution in immunology. In fact, these
hybrid cells (hybridomas) have contributed to major breakthroughs in
molecular biology, and allowed immunologists to prepare virtually unlimit¬
ed quantities of antibodies that are chemically, physically and immuno¬
logical ly homogeneous. Some examples of the potential of MAbs are their
current use in immunology and medicine. Their advantages and some dis¬
advantages are listed in Tables 3 and 4, respectively.
Selection of Hybridomas
Cell fusion is a random process and necessitates a means of selecting
the desired hybrid cells. Fusion of a population of myeloma and immune
spleen cells results in a mixture of fusion events (myeloma:myeloma;
spleen:myeloma; spleenispleen cells). Selection of myeloma:spleen
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Detecting serological differences in viruses
Typing leukemias and lymphomas
Experimental treatment of lymphoid malignancies with drug-labeled MAbs
Detecting serological differences in infectious diseases®
Study of complex antigenic structures
HLA = human lymphocyte antigens
^Recently reported by Nowinski ^ , 1983.
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Table 4. Advantages and disadvantages of monoclonal antibodies
Advantages Disadvantages
Unlimited supply May be too specific
Absolute specificity Decreased tendency of immune
complexes to form lattice
and immunoprecipitate
Immunochemical properties May not fix complement
of antibody are defined
High affinity possible by Relatively high cost to
appropriate selection develop new reagent
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hybrids is accomplished by the selective fusion medium containing hypo-
xanthine-ami nopterin-thymidine (HAT) medium, devised by Littlefield (1964)
The mechanism of this selection is as follows: Cells can synthesize DNA,
either by "de novo" synthesis, whereby nucleotides are synthesized from
sugars and amino acids, or via "salvage" pathways using exogenous sources
of preformed bases as illustrated in Fig. 2. The bulk of the hybridoma
work to date has been with hypoxanthine-guanine phosphoribosyl trans¬
ferase-deficient (HGPRTase") myeloma cell lines. In the presence of a
purine analogue, e.g. 8-azoguanine or 6-thioguanine, the enzyme HGPRTase
of these cells catalyze the incorporation of the purine analogue into
DNA, where it interferes with normal protein synthesis and the cells
die. The gene coding for HGPRTase is on the X chromosome (only one
X-chromosome is found in male mammalian cells) and so only a single
mutation is needed to result in total loss of the enzyme. Eventually
cells will arise that are deficient in the HGPRTase gene and therefore
do not incorporate the purine analogue. In the selective HAT medium,
these HGPRTase" cells cannot utilize hypoxanthine or thymidine and so
synthesize ribonucleotides only by the "de novo" pathway. Aminopterin,
an analogue of folic acid, binds to folic acid reductase, thus blocking
the co-enzyme required for the "de novo" pathway of DNA synthesis. To
survive in this medium, a cell must make DNA via the "salvage" pathway
utilizing the exogenous sources of hypoxanthine and thymidine and T
(provided in HAT medium). Thus if HGPRTase plasmacytoma cells are fused
with normal lymphoid cells and are then placed in HAT medium, only the
hybrids between myeloma and normal cells will survive; the myeloma cell
provides immortality and the plasma cell provides the HGPRTase.
Fig. 2. Principle of hypoxanthine-aminopterin-thymidine medium. De
novo pathway is blocked by aminopterin. Cells can synthesize nucleic
acids using salvage pathways, if provided with hypoxanthine and thymidine.
If cells lack HGPRTase or Tkase, they cannot use salvage pathways and
die out.
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Hybridoma Techniques
The cell fusion technique itself is relatively simple, with the
availability of several new parental myeloma lines (Table 5) and the
development of improved fusion protocols (Gefter and Margulies, 1977),
The introduction of polyethylene glycol (PEG) as a fusogen has improved
the induction of cell fusion and increased the cell membrane fusion fre¬
quency (Davison and Gerald, 1976; Pontecorvo, 1976). The mechanism of
action of PEG is poorly understood but an explanation has been proposed
(Knutton and Pasternak, 1979; Pontecorvo, ^ £l^., 1977). It has been
suggested that PEG induces agglutination which gives rise to large areas of
plasma membrane contacts, and cell shrinkage, which increase the exposure
of glycoproteins.
Because many laboratories now produce hybrids, there has been a
rapid development and proliferation of techniques. Several articles are
available giving either detailed technical descriptions or overviews
to enable the reader to make an informed choice among techniques (Oi and
Herzenberg, 1980; Pearson, ^ , 1980; Zola, 1980; Fazekas de Groth
and Scheidegger, 1980; Yelton and Scharff, 1980; Goding, 1980; Galfre
and Mil stein, 1981; and Diamond, ^ ^., 1981). Because of its avail¬
ability and proven success, we have chosen the well established technique
procedure used at the Immunology Branch, CDC, Atlanta, GA. (not published).
The different stages in the production of MAbs, starting with immuni¬
zation and finishing with their characterization are illustrated sche¬
matically in Fig.3. Hybridomas are rather fastidious cells and the
chances of producing them and maintaining them are certainly higher
if the worker has previous cell culture experience. The reader who
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P3-XP3-Ag8C mouse + + Kohler and Mil stein, 1975
P3-NSl/l-Ag-4.ld mouse - + Kohler and Mil stein, 1976
P3-X63-Ag8-6.5.3d mouse - - Kearney, ^ » 1979
SP2/0-Agl4d mouse - - Shulman, et al., 1978
FO mouse - - Fazekas de Groth and
Scheidegger, 1980
Y3-Ag-1.2.3 rat - + Galfre, 1979
u-266 ARl human + + 01 Ison and Kaplan, 1980
H = Heavy-chain
L = Light-chain
+ = produce and secrete
- = neither produce or secrete
^Immunoglobulin.
t>All cell lines are 8-azaguanine resistant.
^Subline of plasmacytoma MOPC-21 which was induced in BALB/c mouse by
injection of mineral oil (Oi, ^ al_., 1978).
•^Spontaneous variants of P3-XP3-Ag8.
Fig. 3. Schematic diagram of the stages of hybridoma technique from
immunization to characterization of monoclonal antibodies.
Ig = immunoglobulin
HGPRT = hypoxanthine guanine phosphoribosyl transferase
PEG = polyethylene glycol
HAT = hypoxanthine-aminopterin-thymidine
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lacks experience is referred to available books (Whitaker, 1972; Hall
and Hawkins, 1975; Paul, 1975; Colowick and Kaplan, 1979).
Screening Techniques
The most difficult aspects of the hybridoma technique are identifi¬
cation and selection of hybridomas which are producing the antibody of
desired specificity. There are at least two initial stages at which the
hybridoma cultures must be screened for the production of Abs: (i) the
first screening is performed 2 to 3 weeks after the fusion has been com¬
pleted. Subsequently, each of the hybridoma cultures which are producing
the desired antibody must be recloned by limiting dilution to assure
monoclonality; and (ii) the second screening stage is then performed
on the medium of these cultures once they approach confluency. The type
of assay used for screening will depend on the goal of the investgators,
the nature of the antigen, and the type of antibody desired. There are
many well-established screening assays including a variety of radio¬
immunoassay (RIA), enzyme-immunoassay (EIA), immunofluorescence assay
(IFA), hemolytic and cytotoxicity assays, and the fluorescence-activated
cell sorter (FACS) by Park^^., 1979.
Selection of the optimal screening assay is critical to the success¬
ful development of the hybridoma. This selection will depend heavily
upon the physico-chemical characteristics of the antigen of interest.
Whatever detection method is used, the assay must be accurate, sensitive,
reproducible and rapid, since decisions about which culture wells should
be saved or discarded must be made within 8 to 24 hr. The initial screen¬
ing and the subsequent cloning and re-screening, require assaying a
minimum of 300 cultures medium fluid for antibody-producers. Understand-
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ably, this is the most tedious and laborious portion of the entire hybri-
doma production scheme. In our approach we were able to immunize the
mice with partially purified protein antigens from a focused polyacry¬
lamide gel; thus, eliminating most of the undesirable materials. For
screening we adopted a multiple assay system. Initially EIA was used,
which was followed by a primary binding assay with the use of the pro-
tein-NC strips, which were prepared by the immunoblot technique. One of
the most powerful features of this approach is that, by the EIA, one
can easily detect all the specific and non-specific antibody-binding,
antibody that binds to plastic, and eliminate all the negative cultures.
The non-specific antibody-binding could then be eliminated by the
primary binding EIA on NC strips which has proven to be very sensitive,
specific, reproducible, rapid and more accurate the microtiter plate
EIA. Thus, the intense labor which is required for the subsequent
limiting dilution, recloning and screening steps is reduced. In addi¬
tion, it was possible to characterize the specificity of the produced
antibodies as they bind to the separated antigens on the NC strips.
CHAPTER III
MATERIALS AND METHODS
Source and Verification of Nocardia Species
N^. asteroides B1042 was obtained from the culture collection of the
Division of Mycotic Diseases (DMD), Centers for Disease Control (CDC),
Atlanta, GA. It was isolated in 1969 from a human patient with nocard¬
iosis, and antigens obtained from this strain showed a greater number of
precipitin bands against rabbit antisera than homogenates prepared from
any other single isolate or combination of isolates (Blumer and Kaufman,
1979). The culture was streaked on blood agar plates (BAP) to verify
purity before use. Single colonies were picked and transferred into
tubes contained 5 ml of trypticase soy broth (TSB). The resulting cul¬
tures were then transferred to and maintained on Middlebrook 7H-10
agar slants. These slant cultures were used for testing the identity
of this organism, for growth of batch cultures, used to prepare lyophil-
ized stock cultures and stored at A^C (Fig. 4). Seeding and transfer
of cultures were carried out aseptically in a biological safety cabinet.
The incubation conditions for all tests were BB^C for 4 to 7 days.
Ji. asteroides B1042 conforms to serotype 2 as determined with the
cooperation of Dr. V. P. Kurup, Medical College of Wisconsin, and Wood
Veterans Administration Hospital, Milwaukee, WI. The identity of this
isolate was confirmed by morphological and biochemical tests performed
in the diagnostic laboratory, DMD, CDC, Atlanta, GA.
Gross and microscopic morphology were observed and examined by direct
examination of microcolonies on BAP. Two tinctorial methods were used,
the Gram and acid-fast stains. The latter was done with the modified
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Fig. 4. Flow diagram of Nocardia asteroides B1042 purification,
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Kinyoun cold-staining procedure in which 1% sulfuric acid was used as the
decolorizing agent (Georg ^ , 1961). Decomposition of casein,
hypoxanthine and urea, and production of acid from carbohydrates were
performed according to Gordon (1967) as described by Berd (1973a). The
plates and tubes were incubated at and respectively, with
several drops of a one week old TSB broth culture. Observations were made
weekly for four weeks. The following carbohydrates were used: glucose,
mannitol, lactose, sucrose, maltose, salicin, glycerol, starch, arabinose,
xylose, inositol, rhamnose, trehalose, galactose, mannose, sorbitol,
dulcitol, raffinose, ribitol, fructose, erythritol and cellobiose.
Resistance to lysozyme was tested by the method of Gordon (1966) as
described by Berd (1973a,b). One drop of a one week-broth culture was
inoculated into the test medium containing lysozyme. The culture growth
was checked weekly for four weeks.
Antimicrobial sensitivity tests were performed on this organism by
the Investigative Clinical Bacteriology Branch (CBB), Atlanta, GA. Broth
culture minimum inhibition concentrations (MIC) were determined. The fol¬
lowing antimicrobics were used: Cefoxitin, amikacin, tobramycin, tetra¬
cycline, doxycycline, minocycline, erythromycin, sulfamethoxazole, sul-
fa/trimethoprin, carbenicillin, cefamandole, colistin, kanamycin, cefo¬
taxime, ceftazidime, ampicillin, cephalothin, chloramphenicol, clida-
mycin, gentamicin, oxacillin, penicillin, cefoperazone, moxalactam and
vancomycin.
Two types of modified synthetic (chemically defined) media under
two sets of conditions were tested to determine which would give the
highest N. asteroides yield at one week. The media were autoclaved for
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15 min. at 15 lb / in^ at IZl^C. The media had the following com¬
position in grams per liter of deionized water: (1) Sauton's synthetic
broth medium as modified by Azuma, ^ aj_., (1973): Sodium glutamate,
8.0; citric acid, 2.0; K2HPO4, 0.5; MgS04.7H20, 0.5; ammonium ferric-
sulfate or citrate, 0.05; and glucose or dextrose, 20.0. The pH of the
medium was adjusted before autoclaving to 6.8 with 20% NH4OH. (2)
Middlebrook 7H-9 broth medium with no catalase or bovine albumin: Tween
80, 0.5; (NH4)2S04, 0.5; glutamic acid (monosodium salt), 0.5; sodium
citrate.2H2O, 0.1; pyridoxine hydrochloride, 0.001; biotin, 0.0005;
disodium phosphate (anhydrous), 2.5; monopotassium phosphate (anhydrous),
1.0; ferric ammonium citrate, 0.04; magnesuim sulfate* 7H2O, 0.05;
calcium chloride* 2H2O, 0.0005; copper sulfate* 5H2O, 0.001; and glucose,
2.0. The pH of the medium was adjusted before autoclaving to 6.6 by
using 10% HCl.
Three ml of each medium were added aseptically to three of 4-day
Middlebrook 7H-10 slant cultures. A sterilized wire loop was used to
scrape and agitate the bacterial cells from the slant surfaces. With
a sterilized Pasteur pipet the cell suspension (0.5 ml) was aseptically
seeded to 30 ml of each broth medium in 50-ml flasks with loose screw
caps. Two flask cultures of each medium were incubated at 35^0 either
on a shaker (150 rpm) or under static conditions. The turbidity of these
cultures was monitored daily for one week.
Batch Cultures for Antigen Production
Two batch cultures for antigen production were seeded from 4-day old
cultures on Middlebrook 7H-10 agar slants at 350C. The growth of two
slant cultures was resuspended in 6 ml of sterilized deionized water
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with the aid of a sterilized wire loop and was seeded aseptically into
300 ml of Sauton's medium (Azuma, ^ , 1973) in each of 2 one-liter
Erlenmeyer flasks with cotton plugs wrapped in gauze used as stoppers.
These starter cultures were incubated at 350C for one-week on a gyratory
shaker at 150 rpm. Ten ml of starter culture were dispensed aseptically
to each of 16 or 8 one-liter Erlenmeyer flasks, each containing 300 ml
of fresh Sauton's broth, and growth was continued for 6-weeks (batch 1)
or 4-weeks (batch 2) under the same conditions as the starter culture.
Microscopic morphology (Gram and acid fast stains) and the color of the
culture media were examined weekly. The cultures were checked daily for
safety purposes and for their sterility by inoculating samples from
one-week-cultures in BAP. One week before harvest, the bacteria were
killed with 40 ug/ml gentamicin sulfate [Schering Corp., Kenilworth,
N.Y.] which was ten times the MCI (Table 2). Killing was verified by
demonstrating loss of viability on BAP. Batch cultures were harvested
by centrifugation at 9180xg for 30 min.
Antigen Preparation
The preparation of antigen procedure is summarized in Fig. 5. The
culture supernates were filtered through Whatman No. 1 filter paper
over a Buchner funnel followed by millipore filtration over 0.45 urn
porosity filters [Nalgene Corp., Rochester, N.Y.]. The culture fil¬
trates (CF) were concentrated 25-fold by flash evaporation at 370C or
by Amicon ultrafiltration in a stirred cell at 30 p.s.i.g. of N2 over
a YMIO membrane [Diaflo, Amicon Corp., Lexington, Mass]. The concentrat¬
ed CF were dialyzed against five changes of phosphate buffered saline
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(PBS) — 0.1 M, 0.14 M NaCl, pH 7.4 — for 72 hrs at 40C, then divided
into aliquots and stored at 4^0 with 0.01% merthiolate (ethylmercurithio-
salicylic acid, sodium salt), frozen at - 40^0, or lyophilized and stored
at -40OC over silica gel.
For the preparation of homogenate antigens, the bacteria were washed
three times in tris (hydroxymethyl aminomethane hydrochloride buffer
(Tris), 0.1 M, pH 7.5, and were suspended in this buffer to give a packed
cell-to-buffer ratio of 1:2 vol/vol. A cell suspension of 32.5 ml and
42.5 g of 0.17- to 0.18-mm diameter glass beads [Glassperlen, VWR Scienti¬
fic Inc., Atlanta, GA] were combined in 60-ml screwcapped serum bottles
and were homogenized in a Braun MSK homogenizer [B. Braun Instruments,
South San Francisco, CA] for 2 min (four 30-sec bursts). During the
homogenization the bottles were cooled by a continuous stream of cooled
CO2. All subsequent steps were carried out at 4°C. After allowing
the beads to settle, the upper phase was aspirated, pooled and centri¬
fuged at 20.000 xg for 30 min. The cells were reserved in 50-ml centri¬
fuge tubes at “40°C, and the cell extract supernate was filtered
through a 0.45 urn porosity membrane [Millipore Corp, Bedford, Mass],
concentrated 2-fold by Amicon ultrafiltration at positive N2 pressure
over a YMIO membrane. The homogenates (H) were stored in the same
manner as the CF.
Protein Determination
The protein content of the antigens, lyophilized and aliquots (CF
or H) of batch 1 and batch 2, were estimated with the Coomassie blue
dye-binding assay with respect to bovine serum albumin, fraction V,
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according to the standard assay instructions of the manufacturer [Bio-
Rad Laboratories, Richmond, CA]. A sufficient amount of Bio-Rad dye
reagent was diluted five-fold with deionized water and filtered through
Whatman No. 1 filter paper. Duplicate standard tubes were set up con¬
taining 10 to 200 ug of bovine serum albumin, fraction V, Img/ml in
0.85% NaCl stock solution, [Lot No. 220, Pentex, Miles Laboratories,
Kankakee, Ill]. Serial two-fold dilutions of each antigen were made
containing 2.5 to 0.313 mg lyophilized materials dissolved in 2 ml of
0.85% saline or 5 to 20 ul aliquots of antigens in 1 ml of 0.85% saline.
Five ml of the diluted Bio-Rad dye reagent were then added to each tube,
vortexed gently, and left standing for 15 min at room temperature. The
optical density was determined using the Model 25 spectrophotometer
[Beckman Instruments Fullerton, CA] at 595 nm. Absorbance units were
converted to micrograms of protein with respect to the bovine serum
albumin standard curve and then calculated into mg protein per ml of
aliquot or lyophilized material.
Preparation of Antisera
The procedure of antisera preparation is summarized in Fig. 6.
sufficient amounts of antigens lyophilized CF or H of batch 1 and batch
2, were dissolved in 0.14 M NaCl at a concentration of one mg protein/ml
as the aqueous phase and emulsified with an equal volume of oil phase
(incomplete Freund's adjuvant) as described by Herbert (1978). The oil
phase was made by mixing light mineral oil [Drakeol 6VR, Penreco Refining
Co., Butler, PA] and the emulsifier, mannide monooleate [Arlacel A,
Sandria Corp., Norwalk, Conn] in the ratio of 75:25 vol/vol. This so-
Fig. 6. Flow diagram of antisera preparation in rabbits.
Aqueous phase








Bleed and boost (wkly)
i.v., 100//g Ag proteins
I
Exsanguinate at 12 wks
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lution was sterilized in an autoclave for 30 min. A water-in-oil emul¬
sion was prepared by placing the oil phase in a beaker (2.5 ml), then
the aqueous phase was added dropwise and emulsified with a Virtis homo-
genizer [Virtis Co., Gardner, NY] until a water-in-oil emulsion was ob¬
tained, i.e. one drop of the emulsion did not disperse when placed into
saline. The final antigen concentration was 0.5 mg /ml of adjuvant
emulsion. These emulsions were then placed in vaccine bottles until
used.
Antibodies against each antigen preparation were raised in eighteen
large female New Zealand white (NZW) rabbits (two rabbits/antigen pre¬
paration). Antigen-adjuvant emulsion (1 ml) was initially administered
intramascularly (i.m.) deep in the quadriceps muscle of the animal with
a 21-guage needle, for a total dose of 0.5 mg of nocardial proteins. At
the end of the third or fourth week and weekly thereafter, animals were
bled, by a "butterfly" cannula apparatus fitted with 18-gauge needles,
from the central ear artery. Immediately after bleeding, rabbits received
an intravenous (i.v., marginal ear vein) injection of 100 ug of nocardial
proteins dissolved in 0.1 ml of saline. Bleeding was performed by rubbing
the tip of the ear with a touch of xylene and tapping the central ear
artery with the index finger until it became well exposed. Blood was
collected in 50-ml polypropylene centrifuge tubes and allowed to clot at
370c for 1 hr (the clot was loosened from the tube to aid retraction),
then stored at 4^0 until serum is expressed (Herbert, 1978). After the
twelfth week of immunization, the rabbits were anesthetized with Ketamine
HCl [Parke-Davis, Morris Plains, N.J.], and exsanguinated by cardiac
puncture. The antisera were stored at -40^0 in aliquots of 2 ml.
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Human Sera
Thirty normal sera were obtained through the serum bank of CDC, from
CDC employees and from Interstate Blood Banks, Inc., which collects blood
from donors in various cities in the Central United States. Seventeen
sera from U. S. Naval personnel with tuberculosis were obtained through
the CDC serum bank, through the Immunology Branch of DMD, CDC and through
Dr. P. Quinones, Tuberculosis Unit, Fulton County Health Department,
Atlanta, GA. Twenty sera from nocardiosis patients and four sera from
patients infected by Rhodococcus species were selected from those whose
cultures were identified by the Reference and Investigative Branch, DMD,
CDC. For those who were listed as having nocardiosis, the isolation of
asteriodes or other Nocardia species was supported by clinical
histories supplied by the attending physicians.
Immunoelectrophoresis
Immunoelectrophoresis (lEP) was performed to study the kinetics of
antibody formation as a function of immunization time. Different sets
of conditions (pH, ionic strength, electroendosmosis agarose) were per¬
formed to determine the best conditions which resolve the precipitin
bands of the prepared antigen versus rabbit immune sera.
The wel1-and-trough lEP method of Graber and William (1953, 1955)
was used with a Gelman Chamber [Gelman Sciences, Ann Arbor, MI] and an
ISCO electrophoresis power supply [model 494 ISCO, Inc. Lincoln, Neb.].
Gels were prepared by dissolving 1% agarose with low-, medium-, and
high-electroendosmosis (LE,ME,HE), "mr=0.1 - 0.15, = 0.16 - 0.19, = 0.23 -
0.26 respectively [Seakem, Marine Colloids, Rockland, Me] in two-fold
dilutions of the reservoir barbital buffer*(0.01 M 5,5' diethylbarbituric
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acid C8Hi2N205» 0.005M sodium barbital NaC8HTiN203, pH 7.6, ionic strength
0.05) with 0.065% sodium azide. Barbital buffer with pH 8.6,7.77,7.4 with
combinations of ionic strength 0.05,0.075 were also tested. The gels were
cast on 8.3-X 10.2-cm lantern slides precoated with 1% Noble agar dis¬
solved in deionized H2O (15 ml agarose/slide), and allowed to solidify
at room temperature (230C) before cutting the appropriate wells with a
Gelman gel punch. Samples of the prepared antigens ( Img protein/ml)
were placed in the wells using 10 ul micro-pipettes. The slides were
then placed across the bridges of a Gelman electrophoresis chamber and
the reservoirs were filled with barbital buffer. Pieces of unbleached
cotton muslin wicks (soaked with buffer) were placed in the reservoirs
with one end of the wick making contact with the slides in both sides of
the chamber. The samples were electrophoresed at 6 volts/cm for 40 to
60 min. Then troughs on both sides of the electrophoresed antigens were
made, filled with antisera and allowed to diffuse overnight in a humid
chamber at room temperature. Once the precipitin bands were formed, the
troughs were washed, filled with saline and allowed to diffuse twice for
48 hr to remove the unprecipitated soluble proteins. Slides were then
photographed.
Isoelectric Focusing
Antigen samples (CFi,CF2, H-| and H2) were dialyzed against five chan¬
ges of 0.025 M glycine for 72 hr at 4^0. Concentration to 10 mg protein
/ml was effected by Ami con ultrafiltration in a stirred cell at 30 p.s.i.g.
of N2 over a YMIO membrane [Diaflo, Amicon Corp., Lexington, Mass], and
the antigens were stored in aliquots at "40OC. This pre-treatment was done
to keep the isoelectric focusing (lEF) salt-free, because of the inter-
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ference of salt with the pH gradient which leads to distorted protein
patterns (i.e. uneven bands). Glycine does not influence the pH gradient
because of its zwitterionic character but contributes to the dipole
moment of the solvent and thus increases the protein solubility.
Samples (100 ug of protein antigen) were isoelectrically focused on
Ampholine PAG plates [LKB Instruments, Inc. Rockville, MO], polyacry-
lamide-bis total concentration (T) = 5% and crosslinking (c) = 3%, with
a wide and narrow pH range of 3.5 to 9.5 and 4.0 to 6.5 respectively,
using the LKB Multiphor, ISCO electrophoresis power supply (model 494).
A recirculating cooling unit was used to maintain the temperature at
The procedure was applied according to instructions supplied by LKB
Instruments, Inc. with some modifications. The conditions were optimized
by carrying out a variety of conditions with respect to application
position, and amount of samples, and power-supply settings.
A template supplied with the Ampholine PAG plates was placed on the
cooling platform over a thin layer of paraffin oil, excluding air bubbles
for cooling efficiency. An Ampholine PAG plate was selected, removed
from the package and cut in half. One half was stored at A^C and the
other half placed on the cooling platform centered over the template.
Electrode strips supplied with the Ampholine PAG plates, were wetted
sufficiently with the proper anolyte or catholyte (Table 6). The wet
electrode strips were placed on the gel surface as indicated by the
template. Any protruding ends of the strips were trimmed off with a
clean sharp scissor. The electrode lid was then placed on the electro¬
lyte strips and the connecting cables connected to the power supply.
Constant power supply settings are shown in Table 7. The gel was
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Table 6. Electrolytes applied to the electrode strips for use with
isoelectric focusing on Ampholine PAG plates
Ampholine PAG plates Anolyte Catholyte
pH 3.5 - 9.5 1 M ^-phosphoric acid 1 M NaCl
pH 4.0 - 6.5 0.5 M ^-phosphoric acid 0.1 M beta-alanine.
0.1 M glutamic acid
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Table 7. Power supply settings and focusing time used for isoelectric
focusing on Ampholine PAG plates
Ampholine PAG plates
Parameters pH 3.5 - 9.5 pH 4.0 -
Power (w) 15 15
Max. limiting
Voltage (V) 1000 1250
Max. limiting
Current (mA) 30 25
Focusing time 3h 3h
6.5
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prefocused for 30 min, after which time cellulose applicator pieces (1 x
0.5 cm) were applied to the surface of the gel in different amounts of
sample proteins (100 or 200 ug), leaving 5 to 10 mm of gel-free space
between them. The applicators were removed after 60 min to prevent
absorbed proteins from bleeding continuously into the gel which may
cause tailing. The best position for sample application was judged by
applying the applicators in a diagonal array from the lower left to
upper right of the gel plate and then run as usual.
Immediately after termination of the experiment, the gel plate was
submerged for 1 hr in fixing solution (3.45% sulfosalicylic acid and
11.5% trichloroacetic acid) to precipitate proteins and to allow the
Ampholines to diffuse out. The gel was washed for 5 min in destaining
solution (20% ethanol and 8% acetic acid), then stained for 20 min
at 45^0 with Coomassie Brilliant blue R-250 (0.115g/100 ml destain¬
ing solution). Destaining was performed for 48 hr at room temperature;
using a 300 ml volume with frequent changes and, when necessary, wiping
the gel surface cautiously with a piece of cotton during the first hr.
When destaining was satisfactory, the gel plate was transferred for 1 hr
to a preserving solution (10% glycerol in destaining solution). This
produced a sticky gel surface, after drying at 23^0, and a plastic sheet
was rolled onto the gel for protection.
The pH gradient was determined by the slicing method. The gel was
cut into 1 cm sections across the electrodes. These sections were soaked
in 2 dram vials with deionized water overnight at room temperature.
The pH was then measured with a combination electrode. A mixture of
proteins with known pis in the pH range 3 to 10 [isoelectric focus-
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ing calibration kit, [Pharmacia Fine Chemicals, Piscataway, N.J.] was
used as standard markers.
Protein Blotting
Proteins from the CF2 or HI preparations were electrofocused, as
described above, and resolved as bands across the whole PAG plates (pH
gradient 4.0 to 6.5) according to their pis. The proteins in the fresh
gels were electretransferred onto nitrocellulose NC sheets [BA85, Sch¬
leicher & Schuell, Keene, N. H.], cut into strips, and developed by
peroxidase-type enzyme immunoassay (EIA) (Tsang,^^., 1983).
A NC sheet (15 x 20 cm), two sheets of Whatman filter paper (3MM)
and two ScotchBrite pads were soaked in blotting medium (0.025 M Tris,
0.193 M glycine, 20% methanol vol/vol, pH 8.35) about 30 min before the
conclusion of lEF. The pre-wetted NC sheet was placed on a clean glass
plate. Immediately after focusing, the top of the gel was gently pressed
against the prewetted NC sheet surface, to remove any air bubbles.
Care was taken not to remove the gel once it contacted the NC surface
because initial transfer is rapid. The plastic backing support sheet on
which the gel was focused was peeled away very carefully with the aid of
some blotting medium. The combined gel NC transfer was marked with a
soft "lead" pencil or with pin holes, held very gently and sandwiched
between the two prewetted Whatman papers and two saturated Scotch -
Brite pads respectively. The sandwich assembly was placed inside a
perforated plastic hinged holder, then inserted, hinge down with NC side
towards the anode electrode, into a free slot in the Trans-Blot cell
[Bio-Rad Laboratories, Richmond, Cal.]. The cell was filled half-way
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with pre-cooled blotting medium. The plastic cooling coil was connected
to a recirculating cooler set at O^C, and was inserted into the middle
slot of Trans-Blot Cell to maintain the buffer temperature at 40C. A
stir bar (1 cm dia.) was placed in the unit to assure a homogeneous pH
across the gel. The Trans-Blot Cell was filled with enough transfer
buffer to completely cover the triple wire electrode (anode). The safety
lid was contacted to assure freedom from shock hazard and electrode
cables were connected to a variable voltage Model 160/1.6 power supply
[Bio-Rad Laboratories].
Electrophoretic transfer was accomplished in 3 hr with a constant
90 V which was maintained by a current of 200 to 400 mA. After 3 hr
the unit was disassembled and the NC sheet was carefully removed from
the gel. The gel often adhered tightly to the N.C. but could be re¬
moved by sliding a flexible plastic ruler between the two. Wetting with
blotting buffer also aids this separation. Gels were recovered intact
and stained with Coomassie Brilliant blue R-250 to determine the presence
of proteins. The NC sheet was then washed 3 times for 10 min, in a
plastic water tight box, with 250 ml of 0.14 M NaCl in 0.01 M Na2HP04
- NaH2P04, pH 7.2 (phosphate-buffer saline-PBS), containing 0.2% Tween 20
(polyoxythylene sorbitan monolaurate) [Fisher Chemical Co., Pittsburg,
PA.] (PBS-T) at room temperature, cut into strips (0.5-0.8 cm), as NC-
blot-strips placed in 20x150 mm screw-capped test tubes and stored at
40^C for future use.
Immunodetection by Enzyme Immunoassay
The flow diagram of enzyme immunoassay (EIA) is summarized in Fig.
7. Sera were diluted in a total volume of 10 to 15 ml of PBS-T for each
Fig. 7. Flow diagram of enzyme immunoassay on nitrocellulose-blot strips.
1. "Blot” strip + 15 ml diluted serum (1:200 H, 1:3000 IR)
in 20 X 150 mm tube
overnight (4°C) or 1 hr (25°C),
clinical rotator
Wash 3x, 10 min (PBS/0.2% Tween 20)
2. Add Goat-anti-Human or anti-Rabbit-IgG-peroxidase
1:800, 1 h, 25°C
Wash 3x3.50 mg Diaminobenzidine + 100 mI H2O2/IOO ml PBS
up to 30 min (25°C), dark
Wash dH20
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NC-blot-strip. The serum concentration varies with the antibody con¬
tent of the sera; human sera were diluted 1:200, serum from normal rabbit
1:1000, and rabbit anti-^. asteroides, 1:1000 and 1:3000. The NC-blot-
strips in the screw capped test tubes were incubated overnight with the
diluted antibody solutions at 4^0 on a clinical rotator. The strips
were washed 3 times for 10 min each with 10 ml of PBS-T, and then in¬
cubated for one hr with a 1:800 dilution in PBS-T of the indicator anti¬
bodies, peroxidase-labeled goat anti-human IgG or peroxidase-labeled
goat anti-rabbit IgG [Miles Laboratories, Elkhart, Ind.] at room temper¬
ature on a clinical rotator. Strips were again washed 3 times as above,
and the color was developed for 2 to 30 min with a substrate solution
containing 0.5 mg 3,3' diaminobenzidine hydrochloride [J. T. Baker Chemi¬
cal Co., Phil lipsburg, N. J.] and 1 ul of 3% hydrogen peroxide per ml
of PBS (no Tween). Positive reaction bands showed up as light to dark
brown colors. The reaction was terminated by flushing the strips with
deionized water. The resolved antigens (CF2) in the stained gel were
aligned with their corresponding developed NC-blot-strips and photo¬
graphed. Many of the required adjustments were made in the photographic
process since the blot is a mirror image of the focused gel.
Conditions Used to Optimize Protein Blotting
In a set of five experiments, the protein blotting procedure was
performed as described above except for the pre-transfer wash step that
was used to equilibrate the gel before transfer. A variety of conditions
were tested including the choice of buffers for neutralization and blott¬
ing, their pHs, and the power supply settings (Table 8). Each focused
gel was neutralized (i.e. to remove ampholytes) 3 times for 10 min with
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Table 8. Conditions for protein blotting in the first set of protein
blotting experiments
Experiment Neutralization Buffer Power Supply
No. +0.1% SOS, pH Blotting Medium, PH ( V, mA)
1 T-G-M3 + Urea, 8.35 T-G-M, 8.35 90, 200-400
2 NaP04^, 6.5 T-G-M, 8.35 90, 200-400
3 NaP04 , 6.5 NaP04, 8.35 40, 1000-1500
4 NaP04 , 6.5 NaP04, 6.5 40, 1000-1500
5 NaP04 , 6.5 NaP04, 7.6 40, 1000-1500
^0.025 M Tris, 0.193 M glycine, 20% methanol
*^0.025 M Sodium phosphate
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200 ml of the used buffer with 1% sodium dodecyl sulfate (SOS; to prevent
protein precipitation within the gel), then rinsed with deionized water
before blotting. Different concentrations of protein samples of CF2
(10,30 and 100 ug protein), were applied to a 1 x 0.5 cm applicator to
determine the effect of protein concentration on the resolution of pro¬
tein components.
In another set of experiments, two or three NC sheets were stacked
in tandem (the first in contact with the gel) and used to capture
the proteins that passed through the first and/or second NC sheet dur¬
ing the blotting process. The protein concentration was 30 ug protein
per 1 X 0.5 cm applicator. The focused gels were either directly trans¬
ferred without any washing or washed with different neutralization condi¬
tions, using the same blotting medium (0.025 M sodium phosphate, pH 7.4)
with or without SDS. The initial transfer was performed at a constant
20 V (200 - 300 mA) for 30 min to allow low molecular weight proteins to
bind to the NC sheet. Transfer was continued at a constant 40 V (1000 -
1500 mA) to transfer high molecular weight (and the remaining low mole¬
cular weight) proteins. Three different blotting times were used for a
total of 1.5, 2, and 3 hr, respectively.
In all of these experiments, a human nocardiosis patient's serum
which gave the most number of bands was the reference antiserum. The
human reference antiserum (diluted 1:200), rabbit antiserum (diluted
1:3000) or both were used to develop the NC-blot-strips with the
peroxidase-type EIA. Strips were aligned and photographed as above.
68
Production of Monoclonal Antibodies
The procedure for the development of antibody-producing hybrid cell
lines for nocardial antigens (factor 1, 6 and 8) is illustrated in Fig.
3. This includes immunizing mice to provide immune donor spleen cells,
growing the parental myeloma cell line, conducting cell fusions and
selecting the resulting hybrid clones in hypoxanthine-aminopterin-thymi¬
dine (HAT) medium. The media of the surviving hybridoma cell cultures
were then tested for antibody-activity. Five clones that secrete the
desired antibody are grown at limiting dilutions. Five monoclonals that
secrete the desired antibody are expanded and several aliquots of these
clones are frozen, while others are used for the large scale production
of monoclonal antibodies (MAbs). This procedure was performed at the
Hybridoma Laboratory, Immunology Branch, Host Factors Division, CDC,
Atlanta, GA.
Antigen Preparation and Antisera Production
In an attempt to raise antisera with high specificity against dif¬
ferent antigens, a total of 2000 ug of protein from the CF2 preparation
were applied to 10 filter paper sample applicators (200 ug /0.5 x 1 cm
applicator), electrofocused and resolved as bands across the whole PAG
plate (pH-gradient 4.0 - 6.5). Gel strips were then cut from the Coo-
massie blue stained and also from unstained gels, each containing the
antigen of interest - factors 1, 6 or 8 - now in highly purified form
antigen-in-gel (Fig. 8). Three small pieces (0.5 x 0.5 cm) of unstained
gel, each containing a different factor, were layered over a precast
agarose layer plate for comparative lEP with whole nocardial CF2 pre¬
paration.
Fig. 8. Isoelectric focusing of Nocardia asteroides B1042 antigenic
factors. Gel strips containing factor 1, 6 or 8 were prepared




Two groups of 15 female BALB/c mice, 8 to 10 week-old, were used.
Five mice from each group were immunized with homogenized stained or un¬
stained antigen-in-gel strips of factors 1,6 or 8. Each mouse was initi¬
ally injected intraperitoneally (i.p.) with 0.3 ml of antigen-in-gel
plus incomplete adjuvant emulsion, a total dose of approximately 40 ug
protein. This emulsion was prepared as described (Fig. 6), with the
exception of the aqueous phase which is composed of 200 ug protein
(10% of the total of focused amount) in gel strip homogenized with 1 ml
of saline. At the end of the fourth week and daily thereafter, a rein¬
forcing dose of 0.3 ml suspension of antigen-in-gel homogenized in
saline was administered i.p. for a total dosage of approximately 25-30
ug proteins. Animals were bled from the retrocrbital sinus plexus with
capillary pi pets before booster injections and on the fourth boosting
day (one day before fusion). Antisera were collected by centrifugation
at 1000 rpm for 5 min, and analyzed by EIA, which is described under
"First Stage Screening" (page 74), to determine which mice showed the
highest antibody-titers. The highest titered antisera were developed
against CF2 proteins on NC-blot-strips to verify their specificity. One
mouse with the highest titer and specificity for each factor (1, 6 or 8)
was selected for fusion.
Fusion Procedure
All the steps of this procedure were performed under a laminar-
flow hood using aseptic techniques.
Preparation of spleen cells. Each of the three immunized mice was
used separately in three different experiments following the same proce-
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dure:
Animals were anaesthetized with ether and sprayed with 70% ethanol,
respectively. Each animal was placed ventral side up in a 100 x 15 mm
petri-dish and bled from the axillary artery by cutting through the skin
to the artery with a sharp scissors, and exsanguinated. The blood was
collected with a Pasteur pipet and antisera saved for antibody-testing.
The skin was pinched at the abdomen (just below the ribs) and cut with
scissors. Holding each side of the cut with the fingers, the skin was
retracted firmly towards the head and the tail. The peritoneum was
grasped, lifted up and cut directly over the spleen. The spleen was
drawn out with a fresh pair of sterilized forceps and scissors, removed,
and placed in 100 x 15 mm petri-dish with 10 ml of cold complete medium
(Appendix A). The splenic capsule was cut and the pulp was teased out
with the aid of two 22-guage needles (bent at 90° angles). The cell
suspension was aspirated several times with 25 ml pipettes to break up
clumps and then transferred to a 15-ml conical centrifuge tube (Corning).
The large clumps and tissue were allowed 5 min to settle at Ixg. The
supernatant was aspirated into a 50-ml centrifuge tube (Corning) and
the volume was brought to 50 ml with complete medium. The cells were
centrifuged at 800 rpm for 15 min, the supernatant discarded and the
cell pellet was resuspended in 10 ml complete medium. Splenic leukocytes
then were enumerated 20 ul cell suspension was added to 10 ml filtered
isotonic solution in a Coulter counter Model S/N 5246 [Coulter Elec¬
tronics, Inc., Hialeah, Florida]. The suspension was brought to 30 ml
with complete medium and recentrifuged for 10 min. The cells were then
resuspended at a concentration of 1.5 x 10® in 5 ml of complete medium.
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Excess cells were set aside for later use as feeder cells.
Preparation of myeloma cells. Mouse myeloma cell line SP2/0-Agl4 NS
was used for hybridoma production. Three 2 ml-Nunc plastic vials [A/S
Nunc, Kamstrup, DK-4000, Roskilde, Denmark] at 0.5 to 1 ml myeloma cells
per vial (1x10^ myeloma cells/ml) were thawed from liquid N2 storage
by placing them under hot tap water for a few seconds. The contents of
the vials, 1.5 to 3 ml myeloma cells, were aspirated with Pasteur pi pet
into 50 ml centrifuge tubes (Corning) and diluted twice by slow dropwise
addition of an equal volume plus 6 ml of feeding medium (Appendix B),
respectively at 15 min intervals at 22.5°C between dilutions. The sus¬
pension was centrifuged at 800 rpm for 10 min and washed twice in the
same medium. Cells were grown until they reached 75-100% confluency
in tissue culture flasks (Costar) with 25 cm^ growth area (T-25 flasks),
incubated in an atmosphere of 6.1% CO2 with 95% relative humidity at
37°C. Cells were then transferred to a 75 cm^ growth area (T-75 flasks)
and to 150 cm^ (T-150 flasks), respectively. When cells in T-150 flasks
were 75-100% confluent, they were split and fed with fresh feeding med¬
ium.
The myeloma cell cultures were started 10 days before fusion. Two
days before fusion, the cultures were split and fed with fresh medium.
The growth of cells was checked under an inverted microscope to inspect
them for a viable appearance. Four T-150 flasks with 75 to 100% confluent
growth were shaken vigorously to loosen cells from the plastic surfaces,
and the contents were pooled aseptically into 50 ml conical tubes, and
centrifuged at 800 rpm for 15 min. The supernates were reserved, milli-
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pore filtered (0.44 um, porosity membrane) and re-filtered (0.22 urn
porosity membrane) and stored at - 20°C for use as conditioned medium.
The cell pellets were combined, resuspended to 10 ml in complete medium
(Appendix A) and counted as above. The suspension was brought to 30 ml
in complete medium and centrifuged at 800 rpm for 10 min. Cells then
were resuspended at a concentration of 1.5 x 10^ cells/ml.
Hybridization. Suspensions of the prepared spleen cells and myeloma
cells were combined in a 1:1 ratio in a 50-ml conical centrifuge tube
(Corning), and centrifuged at 800 rpm for 5 min. The supernate was
discarded and the cell pellet was loosened by gentle tapping. One ml of
polyethylene glycol-4000 [PEG-4000, Hybridoma Sciences, Atlanta, GA] was
warmed at 41°C and added dropwise along the side of the tube. After 45
sec, the cell mixture was slowly diluted dropwise with 10 ml of complete
medium over a 3.25 min period and suspended by swirling. The reserved
non-hybridized spleen cells were added to the suspension as feeder
cells. The volume was brought to 50 ml with complete medium, centrifuged
at 800 rpm for 15 min and the supernate was discarded. The fusion pellet
was resuspended in 25 ml of hybridization medium (Appendix C) by pipetting
one time and then transferred into tissue culture flask (T-150). The vol-
lume was brought to 168 ml in hybridization medium. With gentle swirling,
the suspension was plated at 1 ml/well into 24-well tissue culture plates
(Linbro). The plated cells were incubated in a 6.1% CO2 atmosphere at
37OC. Following incubation for 4 days, half of the medium was removed
from each well and replaced with fresh hybridization medium. On day 8,
cells were fed with hybridization medium without ami nopterin (0.5 to 1
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ml/well). When the cells had grown to 75-100% confluency (at day 10-14),
1 ml samples were removed from the culture medium of each well using a
separate pipet for antibody-screening, and replaced with fresh medium
without ami nopterin to keep the cells healthy.
First Stage Screening
The samples from each well were tested for the antibody of interest
by EIA. The assay was conducted in antigen-coated microtiter
plates or on antigen-bound to NC-blot-strips.
Figure 9 shows the steps for the basic EIA method. The optimal
dilution of asteroides CF2 antigens was determined by 2-fold serial
dilution and the use of rabbit antisera-diluted 1:2000 (Fig. 10).
Flat bottom micro ELISA plates (Immulon, M129A/96wells, Dynatech Corp.)
were coated weekly as needed with 20 ug CF2/ml 0.06M sodium carbonate
buffer, pH 9.6, sealed with plastic sealers [#1-200-3, Dynatech Corp.]
and stored at 4°C. After the plates were washed with PBS-T (0.05%
Tween-20), the culture medium from each clone was added neatly at 0.2 ml/
well and incubated at 22.5°C for 30 min. The unbound materials were
removed by washing in PBS-T. The bound antibodies were allowed to re¬
act with goat-anti-mouse-IgG-peroxidase [Miles Laboratories], diluted
1:800 with PBS-T, for 30 min at 22.5°C; goat-anti-rabbit-IgG-peroxidase
was used to test rabbit antisera. After removal of excess labeled
antibodies by washing, the substrate 0-phenylenediamine (OPD) [Aldrich
Chemical, Inc.] was added. The OPD reagent contained 10 mg OPD/ml
methanol: hydrogen peroxide: deionized water (1:2:1,000). The plates
were then incubated at 22.5°C in the dark until the color appeared
within 40 min. The reaction was terminated by adding 25 ul of 4 M
Fig. 9 Steps for the basic microtiter plate enzyme immunoassay proce¬
dure. This procedure is used at the Immunochemistry laboratory,
DMD, CDC, Atlanta, GA.
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Coat plates with 20 ug Nocardia CF2 antigen per ml in 0.06M sodium
carbonate buffer (0.2 ml/well)
I
t
Incubate at 4^0 to activate plate (1-7 days)
Wash plate completely with PBS-T, 3 times, and then a fourth time
let PBS-T stand in wells for 5 min, then "bang" plate dry on paper
towels.
I
Add Ab-Solution to be tested, 0,2 ml/well
1
Incubate at 22.5“C, 30 min.
i
Wash plate as above
i
Add diluted conjugate (1:800), 0.2 ml/well
Incubate plate covered at room temperature, 30 min.
Wash as above
Add substrate, 0.2 ml/well
I
Incubate at 22.5°C in the dark until color developed
I
Add 25 ul of 4M
H^S04 to stop reaction
Measure A490nm Dynatech MR600 EIA reader
Fig. 10. Reproducibility of enzyme immunoassay in quantitating antigen





This type of EIA also was used to determine which immunized mouse
was the best responder by testing their antisera. The titers were
determined by 2- to 4-fold serial dilution starting with 1:20. The
absorbance at 490 nm was scanned in an automated spectrophotometer
[Micro ELISA Autoreader MR600, Dynatech Corp.] interfaced with an HP86
Computer [Hewlett-Packard Corp.].
The antibody-specificity of the best response of each immunized
mouse and of MAbs was assessed by EIA applied to NC-blot-strips with
asteroides antigens as described earlier. Triplicate stacked NC
sheets were prepared; strips from the first NC sheet were used to test
factors 6 and 8, whereas strips from the second and third NC sheets
were used to test factor 1.
Preparation of Exudate Feeder Cells
A BALB/c mouse was killed by cervical dislocation. The carcass
was rinsed with 70% ethanol and the peritoneal cavity was exposed. The
peritoneal membrane was lifted with sterile forceps and 5 ml of feeding
medium (Appendix B) were injected into the peritoneal cavity with a 21-
guage needle. Leaving the needle in place, but removing the forceps, the
abdomen was massaged gently with the fingers. The resident leukocyte cell
suspension in the peritoneal lavage was aspirated into a 50-ml centrifuge
tube (Corning). The peritoneum exudate feeder cells were washed with 30
ml of feeding medium by centrifugation at 800 rpm for 10 min. The cells
were counted and resuspended at a concentration of 1x10^ cells / ml
(i.e. 1 ml of fluid removed from the cavity was diluted to 10 ml with feed¬
ing medium). Ten ml of diluted cell suspension was used for every flat
78
bottom 96-well tissue culture cluster (Coastar), approximately 0.1 ml/
well. Preparation of the exudate feeder cells was done one day before
fusion. The cultures were examined for contamination and the extent of
cell growth under an inverted microscope before cloning.
Cloning of Hybrids by Limiting Dilution
Once the five positive hybridoma cultures were selected, each clone
was diluted 1:20 to give a concentration of 1 x 10® cells/ml in a clon¬
ing medium (Appendix 0).
Five different dilutions were made from this clone at a concentration
of 5000, 1000, 500, 100 and 10 cells /ml of cloning medium, each in a
50-ml tube (Corning). The diluted cell suspension were plated at 0.1 ml/
well into five 96-well tissue culture plates that were seeded with peri¬
toneal exudate feeder cells the day before. One plate was plated for
each dilution to give an average of 500,100,50,10 and 1 cel 1(s)/well,
respectively (Appendix E). The cultures were then incubated in a 6.1%
C02-incubator at 37°C. On the fourth day of incubation and up to 7
days, the wells were inspected for monoclonality with an inverted micro¬
scope for the presence of a single ball of cells. Each positive mono¬
clonal well was transferred, after cell growth was well established,
into one well of a 24-well plate to increase the volume of antibodies
for further testing.
Second Stage Screening And Cell Line Expansion
After selection of five positive clones from among the 24-well
tissue culture plates, each clone was transferred into a T-25 flask
with feeding medium. When the cells reached 75-100% con fluency in the
T-25 flask, the fluids were sampled and tested undiluted by EIA on
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NC-blot-strips. The MAbs were precipitated from the tissue culture
supernatant by adding an equal volume of 4 M ammonium sulfate (=50%
saturation), then resuspended in 5 ml deionized water and stored at
40°C. The hybridoma cells were transferred to a T-75 flask, with
feeding medium and allowed to reach 75-100% confluency. The fluids
were tested and precipitated as above, and the cells were preserved
by freezing in liquid N2. One of each group of clones representing
the MAbs against nocardial factor 1, 6 or 8 was used to prepare ascites
fluids before freezing.
Ascites Fluids Preparation
Fifteen BALB/c mice were divided into three groups and primed,
each with 0.5 ml pristane (2,6,10,14- tetramethylpentadecane) intra-
peritoneally (i.p.) one to two weeks before the injection of hybridoma
cells. Monoclonal antibody-producing cells (1 x 10® cells) were then
injected i.p. and when the mouse's abdomen began to swell (7 to 14 days
after injection), ascites fluid was tapped using an 18 - guage x 2.54
cm needle into a 50 ml centrifuge tube. The ascites fluid was allowed
to clot overnight at 22.5°C and centrifuged at 7500 rpm for 30 min until
it become clarified. Ascites fluid from mice of each group were pooled.
Before storage at -40®C in aliquots, each pooled was tested by EIA on
NC-blot-strips containing N.* asteriodes CF2 antigens, or sonicated
cell extract antigens of Mycobacterium tuberculosis H37 RV, standard
reference antigen preparation [TMC 102, National Institute of Allergy
and Infectious Diseases, Bethesda, MD], at a 1:3,000 and 1:1,000 di¬
lutions, respectively. This was done to compare their cross reactivity
and to assure specificity.
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Cr.yop reservation
All selected hybridoma lines which produced the MAbs of interest
were frozen in liquid N2. For each clone, three T-75 flasks with 75-
100% confluency were prepared to be frozen. The cells were transferred
into a 50-ml centrifuge tube, centrifuged at 800 rpm for 10 min and the
supernates were discarded. The cells were resuspended to 10 ml with feed¬
ing medium (Appendix B) containing 10% dimethylsulfoxide [DMSO, Merck,
West Germany] to yield a final concentration of 1x10^ cells/ml and
placed in Nunc ampules. The ampules were sealed air-tight and placed in
a styrofoam-type bag (1-cm thick wall). The bags were placed in freezer




The gross morphology of asteroides B1042 on the BAP was white to
beige in color; colonies were circular, slightly irregular, leather-like,
and contained grossly visible aerial mycelium. The microscopic morphology
revealed Gram-positive and partially acid fast, well-formed filaments with
branches and a mostly cocci bacillary shape of single cells. The results
of the biochemical and antimicrobic tests are shown in Tables 9 and 10,
respectively. These results agree with the characteristics of a typical
species of N.* asteroides. The growth pattern of ][. asteroides B1042 re¬
vealed that Sauton's medium under aerated conditions (on shaker, 150 rpm)
yield a heavy growth, according to the turbidity of the cultures that was
monitored daily.
Microscopic morphology of the batch cultures revealed the same results
as above; with some Gram-negative cells appearing at the end of the third
week of incubation, probably due to the effects of culture age. The cul¬
ture medium became darker at the end of the second week of incubation. No
bacterial colonies other than asteroides were present in the 4-day-old
BAP cultures inoculated asceptically from the one week-old batch cultures.
Protein Determination
The protein content of the antigens was estimated with the Coomassie
blue dye binding (BIO-Rad, Inc.) assay with respect to a bovine serum
albumim fraction V standard curve (Fig. 11). The absorbance at 595 nm of
the culture filtrates and homogenates 1 and 2 (CFl, HI, CF2, H2) of
batches 1 and 2 were converted into micrograms of protein (Table 11 for
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Dulcitol - - - -
Raffinose - - - -
Ribitol - - - -
Fructose - - - +
Erythritol - - - -




Table 10. Antimicrobial sensitivity of Nocardia asteriodes B1042 broth
culture
Antimicrobic MIC (ug/ml) Interpretati on
Cefoxitin > 128.0 R
Amikacin 0.5 S
Tobramycin 0.5 S
Tetracycline > 16.0 R
Doxycycli ne 8.0 S
Minocycline 8.0 S
Erythromycin > 16.0 R
Sulfamethoxazole 16.0 S
Sulfa/Trimethoprim 9.5/0.5 S
Carbenicil lin > 512.0 R
Cefamandole 32.0 S
Colistin > 32.0 R
Kanamycin > 64.0 R
Cefotaxime 8.0 S
Cefazidime > 128.0 R
Ampicil lin > 32.0 R
Cephalothin > 32.0 R
Chioramphenicol > 32.0 R
Clindamycin > 8.0 R
Gentamicin > 4.0 S
Oxacillin > 8.0 R
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Table 10. (Continued)
Antimicrobic MIC (ug/ml) Interpretation
Penicillin > 4.0 R
Cefoperazone > 64.0 R
Moxalactam > 32.0 R
Vancomycin 8.0 S
MIC = Minimum inhibition concentration.
S = Sensitive.
R = Resistant.
Fig. n. Typical standard curve for Bio-Rad protein assay. Bovine
serum albumin fraction v(l mg/ml) was used as standard.






Table 11. Bio-Rad protein assay for total protein content of lyso-
philized culture filtrate and homogenate preparations of













0.625 0.502 53 8.4
0.313 0.313 26 8.3 8.35
HI 2.5 1.322b
1.25 0.880 95
0.625 0.559 60 9.6
0.313 0.335 33 10.5 10.05
CF2 2.5 1.493b
1.25 0.97lb
0.625 0.672 74 11.8





Sample Absorbance^ Protein Content Protein Mean
(mg) (595 nm) (ug) 1o %
0.625 0.468 48 7.6
0.313 0.273 25 7.9 7.75
CF1 = Culture filtrate antigens prepared from 6-week-old culture.
HI = Homogenate antigens prepared from 6-week-old culture.
CF2 = Culture filtrate antigens prepared from 4-week-old culture.
H2 = Homogenate antigens prepared from 4-week-old culture.
3^595 corrected for blank
^Reading is too high to extrapolate on standard curve.
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lyophilized antigens and Table 12 for aliquot antigens). Protein
contents were then calculated as mg protein per ml of aliquots or per
mg of lyophilized antigens, as summarized in Table 13.
Immunoelectrophoresis
Optimal resolution of immuno-precipitin arcs was observed in
immunoelectrophoresis (lEP) with the following conditions: 1% agarose
(medium-electroendosmosis) barbital buffer pH 7.6, ionic strength 0.05,
operated at 6 v/cm for 40 to 60 min. Other conditions (see Materials
and Methods) resulted in poor resolution of sample components (not shown).
At low ionic strength, the protein arcs were broader and their mobility
increased, in contrast to high ionic strength which gave the reverse
effect with crowding of bands (not shown).
The maximum number of preciptin arcs in lEP was observed after 8
to 12 weeks of immunization. All rabbits showed consistency in antibody
production against their respective antigens, except for the formation
of the precipitin arc at the cathodic region of the immunoelectrophoreto-
gram as shown in figs 12-15. Anti-CF2 sera from rabbit B and anti-HI
sera from rabbit A obtained after 8 to 12 weeks of immunization, were
the most potent antisera as demonstrated in Figs 16 and 17. No immuno-
precipitin arcs were observed when normal rabbit serum was tested against
asteriodes antigens.
Isoelectric Focusing
Separation of proteins by lEF on Ampholine PAG plates revealed simi¬
larities between the patterns obtained with the culture filtrate and homo-
genate-supernate antigens of cultures 1 and 2. Only quantitative dif¬
ferences were observed among them, with the exception of an extra protein
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Table 12. Bio-Rad protein assay for total protein content of aliquot








CFl 5 0.082 5
10 0.123 10
20 0.219 20
HI 5 0.083 5
10 0.128 11
20 0.229 22.5
CF2 5 0.118 10
10 0.156 14
20 0.257 26
H2 5 0.099 6
10 0.116 9
20 0.196 18
CFl = Culture filtrate antigens prepared from 6-week-old culture.
HI = Homogenate antigens prepared from 6-week-old culture.
CF2 = Culture filtrate antigens prepared from 4-week-old culture.
H2 = Homogenate antigens prepared from 4-week-old culture.
3^595 corrected for blank
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Table 13. Summary of protein content of asteroides B1042 culture
filtrate and Homogenate preparations from batches 1 and 2
Samples
Protein Concentration (mg)





CFl = Culture filtrate antigens prepared from 6-week-old culture.
HI = Homogenate antigens prepared from 6-week-old culture.
CF2 = Culture filtrate antigens prepared from 4-week-old culture.
H2 = Homogenate antigens prepared from 4-week-old culture.
Fig. 12. Comparative immunoelectrophoretic analysis of Nocardia
asteroides culture filtrate antigens against rabbit antisera
at different intervals of immunization. Antisera from rabbits




Fig. 13, Comparative immunoelectrophoretic analysis of Nocardia
asteroides culture filtrate antigens against rabbit antisera
at different intervals of immunization. Antisera from rabbits




Fig. 14 Comparative immunoelectrophoretic analysis of Nocardia
asteroides homogenate antigens against rabbit antisera at
different intervals of immunization. Antisera from rabbits A
and B immunized with HI (from B-week-old culture). W, week of
immunization.
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Fig. 15. Comparative immunoelectrophoretic analysis of Nocardia
asteroides antigens against rabbit antisera at different
intervals of immunization. Antisera from rabbits A and B
immunized with H2 (from 4-week-old culture). W, weeks of
immunization
Fig. 16, Kinetics of antibody fonnation against Nocardia asteroides
culture filtrate and homogenate antigens as a function of
immunization time. Rabbits immunized with: I,CF2; II, H2






















Fig. 17. Kinetics of antibody formation against Nocardia asteroides
culture filtrate and homogenate antigens as a function of
immunization time. Rabbits immunized with: I, CFl; II, HI




located at pi 4.0 in Figs. 18 & 19. Increasing the amount of the culture
filtrate sample (200 ug), increased the amount of the proteins, focusing
between pi 4.68 and 5.2 to the extent that they could be seen as stained
bands (Fig 20). At least 20 distinct nocardial proteins present in the
culture filtrate and homogenate-preparations were focused in the acidic
region between pi 4.0 to 5.4 in the wide range (pH 3.5 - 9.5 gel) (Fig.18), and with better resolution in the narrow range pH 4.0 - 6.5 (Fig.19). This better resolution was due to the longer separation distance
in the narrow range pH 4.0 - 6.5.
The best position for sample application was approximately at the
middle of the slab (i.e. 40 mm from the anodal electrode strip). The
linearity of the pH gradient and the protein pis were determined by
simple calculations and with the aid of a protein mixture with known
pis, respectively, as illustrated in Fig. 21.
Protein Blotting and Immunoblotting
Narrow range isofocusing PAG plates, pH 4.0 - 6.5, were used through
out the immunoblotting experiments. The patterns of IgGs against
asteriodes antigens, from the CF2 preparation that were present in rabbit
antisera and sera from human patients with nocardiosis, suspected no¬
cardiosis, or tuberculosis were compared by the protein blotting techni¬
que coupled with a sensitive primary binding enzyme immunoassay (EIA).
This was done to identify the number and specificity of asteroides
antigens. As controls, sera fron normal humans and rabbits showed evi¬
dence of weak concentrations of IgG against two nocardial antigens after
prolonged incubation (15 to 25 min) with the chromogenic substrate (Fig.
Fig. 18. Isoelectric focusing on a wide range Ampholine PAG plate,
pH 3.5 - 9.0, of Nocardia asteroides. Samples (from left to
right): Reference protein mixture; CFl and CF2, from 6- and
4-week-old culture respectively; HI and H2, from 6- and
4-week-old culture respectively.
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Fig. 19. Isoelectric focusing on a narrow range Ampholine PAG plate,
pH 4.0 - 6.5, of Nocardia asteroides culture filtrate and
homogenate antigens. CFl, CF2, HI and H2 as in Figure 18.
Reference protein mixture with known pis is shown.
100
pi CF1 CF2 HI H2
Fig. 20. Isoelectric focusing on Ampholine PAG plate, pH 4.0-6.5, of
different amounts of Nocardia asteroides antigens. A and B,






H2CF1 CF2 HI H2
Fig. 21. pH determination of the isofocused Nocardia asteroides antigens.
Gel was cut in 1 cm pieces across the electrode, soaked in
deionized H2O and pH was measured. A mixture of proteins










22). Rabbit anti-]i. asteroides-IgG (diluted 1/1000 to 1/3000) reacted
with most of the 20 nocardial proteins after a one min exposure to the
substrate. As expected, a stronger reaction occurred at a 1/1000 dilu¬
tion or with longer exposure times (Fig. 22). This illustrates the
importance of the variables of serum dilution and incubation time in the
color development of NC-blot-strips (i.e., the antibody concentration is
inversely proportional to the substrate exposure time).
The nocardiosis and tuberculosis patients produced antibodies that
recognized vastly different antigenic components from the same pre¬
paration as demonstrated in Figs. 23-25. The great cross-reactivities
and the different specificities of the antibodies from these sources are
evident from their recognition patterns to the J^. asteroides preparation.
The IgG responses of human nocardiosis patients ranged from weak to
strong and varied in the pattern of the recognized antigens (Figs. 23
and 24). One antigen focusing with a pi 4.68 reacted with nine of the
twenty (45%) nocardiosis case sera, but not with the seventeen tuber¬
culosis case sera that were tested (Fig. 22, and Table 13). This antigen
reacted with sera from cases caused by asteroides, ]^. brasibiensis,
and ]!. caviae (Fig. 24). Tuberculosis patients' sera were generally
weak reactors with respect to substrate exposure time (requiring longer
development time) and showed a wide variability in the pattern of antigen
recognition (Fig. 25). Seventy-five percent of the 20 nocardiosis, and
65 percent of the 17 tuberculosis cases tested produced 3 to 8 bands.
In contrast, all four of the sera of patients from whom Rhodococcus
species was isolated were negative, i.e., reacted as normal human sera
(Table 14). Similar results were obtained when the homogenate
Fig. 22. Nitrocellulose-blot-strips developed against nocardiosis pati¬
ent serum and rabbit antisera. NH, normal human; Na, nocardiosis
patient infected with N^. asteroides; IR, immunized rabbit; NR,
normal rabbit. CF2, reference antigens, and the developing




NH Na CF2 IR IR NR
25 8 1 5 15
Fig. 23. Nitrocellulose-blot-strips developed against different patients'
sera. Isolates were identified from these patients: t. b.,
tuberculosis; Na, asteroides. CF2, reference antigens and





CF2 t.b. Na NH
20 8 15 15 25
Fig, 24. Nitrocellulose-blot-strips developed against different nocardiosis
patients' sera. Isolates from these patients: Nb, ]J. brasil-
iensis, Nc, N. caviae. CF2, Na, t.b. and NH as in Figure 23.
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CF2 Na Nb Nc t.b. NH
Fig. 25. Nitrocellulose-blot-strips developed against different tuber¬
culosis patients' sera. CF2, Na, t.b. and NH as in Figure 23.
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CF2 Na t.b. NH
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Table 14. Analysis of sera from 41 infected patients and 30 normal




>8 5-8 3-4 2
N. asteroides 10 1C 2C 2 5
N. brasiliensis 6 1C 4C 1 0
N. caviae 3 0 1C 2 0
Resembles N. asteroides 1 0 0 1 0
Rhodococcus sp. 4 0 0 0 4
M. tuberculosis 17 1 4 6 6
None, normal controls 30 0 0 1 29
^Isolates were identified by the Reference and Investigative Branch,
DMD, CDC.
^Number of infected patients or normal individuals reacting with
the enumerated antigens present in the culture filtrate or homo-
genate-supernate of the tester strain asteroides B1042.
^Cases reactive with pi 4.68 antigen.
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preparations were used instead of the culture filtrates, with the
exception of the protein focusing at pH 4.0 which was not found in the
homogenate (data not shown).
This lEF-immunoelectroblotting-EIA technique allowed us to study the
antigenic characteristics of the focused proteins, and to identify one of
the most promising factors (at pi 4.68) for nocardiosis which did not
cross-react with sera from tuberculosis patients. In addition, it facili¬
tated a rapid comparison of sera from nocardiosis and tuberculosis pati¬
ents. However, better resolution of the individual proteins was needed
to eliminate any possible confusion because of the less than ideal
resolution of the protein bands.
A variety of different conditions were applied to enhance the re¬
solution and to optimize the conditions of this technique. The use of
Tris-glycine-methanol as a blotting medium in experiments 1 and 2 result¬
ed in the loss of several bands accompanied by poor resolution. This
loss of bands may be due to the neutralizing buffers used before blott¬
ing, i.e. proteins diffused and were dissolved in the pre-wash buffers.
In contrast, sodium phosphate buffers, with different basic pH 8.3, 7.6
and 7.4 resulted in better efficiency when used as a blotting buffer
(Figs. 26 and 27), respectively. Further improvement in resolution was
achieved when the applied protein samples were reduced to 10 and 30 ug/
sample applicator. The effects of optimal sample size and equilibration
in blotting buffer are shown in Fig 26. The role of the pH of sodium
phosphate buffer was further assessed at pH 6.5 and 7.6 in experiments
4 and 5 respectively. Proteins could not be detected in the recovered
gel after blotting or on the NC sheet when pH 6.5 was used. An explan-
Fig. 26. Effect of different sample amounts on nitrocellulose-blot-strips
developed against immunized rabbit and nocardiosis patient sera.
a,b, immunized rabbit; c,d, reference nocardiosis patient;
l.a,d, 100 ug; l.b,c, 10 ug ; 2, 30 ug/sample applicator; 2.
a,d, and 2. b,c, the front and back sides of NC strips, respect¬
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1 2
Fig. 27. Nitrocellulose-replica blot-strips developed against immunized
rabbit and nocardiosis patient sera. a,b, immunized rabbit;
c,d, reference nocardosis patients; a,d and b,c, strips from
first and second N.C. sheets, respectively. All asteroides
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ation for this is that proteins might have migrated towards the cathode.
While a relatively good resolution was observed with pH 7.6, some pro¬
teins may have migrated through the pores in the NC sheet as demonstrated
by the sharp dark bands on the reverse side (Fig. 26).
In all subsequent experiments, an initial low field strength (20 V,
30 min) followed by a high field strength (40 V, 1-2.5 hr) were applied to
allow the optimal binding of low and high molecular weight proteins to
the NC sheet, respectively. The proteins filtered through the first
NC sheet were captured on a second sheet with improved resolution as
shown in Fig. 27. The good resolution obtained from the use of a 10 ug
protein/ sample applicator, the bands on the reverse side of the first
NC sheet and the captured bands on the second sheet allowed us to
detect and enumerate at least 8 of the main nocardiosis antigenic fac¬
tors (Figs. 26 and 27) that could not be as clearly seen with the initial
conditions.
The effect of gel equilibration was determined by neutralizing it
with blotting buffer with or without SDS. A gel without neutralization
was used as a control. As demonstrated in Fig. 28, neutralizing the
gel with the blotting media only (without SDS) yielded a better efficiency
of protein transfer and improved resolution. In the experiments that
followed, three different blotting periods and three NC sheets stacked
in tandem were applied to control the speed of protein transfer. Proteins
were only observed on the first NC sheet at the 1.5 hr interval, with the
exception of factor 1 which migrated to the second sheet (Fig. 28),
whereas some of the proteins filtered through to the second and third
Fig. 28. Effect of gel neutralization and blotting period on nitrocellu¬
lose-replica blot-strips developed against serum from immunized
rabbit, a and b, strips from first and second NC sheets,
respectively. Gels neutralized with: 1, buffer + SDS; 2,






N.C. sheets at 2 and 3 hr intervals, respectively (Fig. 29). An explan-
nation for the speed of the blot might be due to the tendency for pro¬
teins to focus on the surface of the gel in agreement with Reinhart £t
al., 1982. In all experiments, the intact gels were recovered after
blotting and were shown to be protein-free as revealed by Coomassie
Brilliant blue, indicating quantitative transfer.
From all of these results the optimal conditions for blotting
nocardial proteins from isofocused gel can be defined as follows:
a. Sample application (10-30 ug proteins/sample applicator).
b. Blotting and neutralizing gel medium, 0.025 M sodium phosphate
buffer, pH 7.4.
c. Initial low field strength (20 V, 200-300 mA, 30 min) with subse¬
quent high field strength (40 V, 1000-1500 mA for 1-2.5 hr de¬
pending on the number of replicates of NC sheets required).
In addition this technique can be used as a means of separating pro¬
teins by filtering them into the second or third NC sheet. It is of
great potential value if the protein of interest could be captured on
either one of these sheets by itself or by reducing some of the unwanted
proteins in a mixture.
Monoclonal Antibodies
Stained and unstained gels containing the antigen of interest (Factor
1,6 or 8) were analyzed in a comparative lEP against anti-CF2 serum
from rabbit B obtained after 12 weeks of immunization. Figure 30
demonstrates the immunoelectrophoretogram of these factors. In compari¬
son with CF2 antigens, the most promising factor 8 (pi 4.68) and factor
6 (pi 4.43) formed pricipitin arcs at the anodic region demonstrating
Fig. 29. Nitrocellulose-replica and triplicate-blot-strips developed
against serum from immunized rabbit. a,b, and c strips, from
first, second and third NC sheets, respectively. Blotting






Fig, 30. Comparative immunoelectrophoretic analysis of Nocardia
asteroides culture filtrate antigens with antigenic factors
(1,6 and 8) in gel sections.
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a mobility similar to most nocardial antigens. Surprisingly, factor 1
(pi 4.0), the most acidic protein, was the only nocardial antigen that
migrated towards the cathode; probably reflecting the effect of endos-
mosis.
Immunization of Mice
Each group of 15 mice was injected with stained and unstained homo¬
genized antigen excised from 1 cm gel segments. Only 40% of the mice
survived after receiving injections of the stained gel segments before
and after boosting. However, 93.2% of the mice that received injections
of unstained gels survived. In the first 2 weeks, after the initial
injections of stained gel, death in a large number of the mice was pro¬
bably due to the high concentration of ethyl alcohol and trichloroacetic
acid in the staining solutions which may have been toxic.
Production of Antisera in Mice
Sera obtained from the surviving immunized mice were tested by EIA
in using antigen-coated microtiter plates and antigen-bound NC strips,
to determine the best responders and to detect the antibody specifici¬
ties, respectively. The mice which survived the injection with the
stained gel segments containing factor 1,6 or 8, responded very well
prior to boosting, but their response decreased to nil after boosting
(Table 15). It seems that in addition to its toxic effect, the staining
procedure had altered the antigen or suppressed the immune response.
Fifty percent of the mice that received unstained injections were
good responders (Table 16) with unexpectedly high antibody-titers (Table
17). This probably is the result of long term leakage of the antigen
from the adjuvant depot as well as the polyacrylamide gel particles.
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Table 15. Responses of mice immunized with stained gel segments con¬
taining antigenic factors by the indirect enzyme immunoassay
in microtiter plates.






1 1 0.342 0.213 0.012
2 0.722 0.632 0.375
6 1 0.498 0.266 0.000
2 0.316 0.184 0.000
8 1 0.436 0.314 0.006
2 0.450 0.431 0.098
A = At the end of the third week after initial injection.
B = At the end of the fourth week after initial injection.
®Mean of 2-readings.
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Table 16. Responses of mice immunized with unstained gel segments
containing antigenic factors by the indirect enzyme immuno¬
assay in microtiter plates.
Factor No. Mouse No.
A 3^490nm
Before Boosting After Boosting
A B
1 0.262 0.241 0.465
2* 0.780 1.372 1.471
3 0.576 0.404 0.444
4* 0.553 0.650 0.880
5 0.512 0.334 b
1 0.235 0.096 0.206
2* 1.342 0.990C 9.990C
3* 0.313 0.726 1.664
4 0.335 0.314 0.058
5 0.450 0.293 0.888
1* 0.682 1.351 1.418











3 0.330 0.139 0.790
4* 0.774 1.592 9.990C
A = At the end of the third week after initial injection.
B = At the end of the fourth week after initial injection.
^Mean of 2-readings.
^Mouse died
‘^Reading higher than the linear portion of the curve for the EIA reader
*These mice were high responders
Table 17. Titers of good responder mice receiving unstained gel segments containing antigenic factors by
indirect enzyme immunoassay in microtiter plates
Factor Mouse Testing Adgrinm
No. No. Time
1:20 1:40 1:80 1:160 1:320 1:640 1:1280 1:2560 1:5120 1:10240
1 2* B 1.372 ____ 0.510 0.000
A 1.471 0.862 0.632 0.448 0.162 0.016 0.000
4 B 0.650 ____ 0.068 0.000
A 0.880 0.521 0.227 0.102 0.002 0.000
6 2* B 9.990a 1.003 0.332 0.006 0.000
A 9.990a 9.9903 9.9903 0.9903 1.594 1.439 1.170 0.726 0.440 0.244
3 B 0.726 0.188 0.014 0.000









1:20 1:40 1:80 1:160 1:320 1:640 1:1280 1:2560 1:5120 1:10240
8 1 B 1.351 0.420 0.107 0.000
A 1.418 0.836 0.621 0.421 0.176 0.036 0.000
r
r
2 B 1.142 ____ 0.354 0.071 0.000
A 1.192 0.810 0.580 0.359 0.142 0.005 0.000
4* B 1.592 0.732 0.420 0.000
A 9.9903 1.276 0.952 0.643 0.577 0.198 0.041 0.000
A = After boosting
B = Before boosting.
^Reading too high for the EIA reader to accurately record
*These mice were selected for fusion experiments.
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which themselves may provide an adjuvant effect. There were at least 2
mice with very high antibody-titers against each of the 3-factors. The
better responders were selected as a source of immune lymphoid spleen
cells to use in fusion experiments as illustrated in Table 16.
Sera collected from the good responder mice, including the ones used
for fusion, were tested by EIA on antigen-bound NC-blot-strips to detect
the antibody-specificities. The mice immunized with the same factor 1, 6
or 8 gave identical patterns. Figure 31 shows the location of the
MAbs bound to their corresponding antigenic factors 1, 6 and 8 on the
NC-blot-strips.
Screening of Clone Culture Medium
Results of the first and second stage screenings for positive clones
by EIA in microtiter plates and on NC-blot-strips, are shown in Table 18.
The total numbers of screened clones, for each factor, in the first
and second stages were 160-170 and 175-200 clones, respectively. In the
first screening stage, EIA in microtiter plates detected 11, 26 and 27
positive clones for factor 1, 6 and 8, respectively, while 55 to 73%
of these clones were negative when tested on NC-blot-strips (Table 18).
In the second screening stage, after recloning by limiting dilution,
only around 50%, of the positive clones detected in microtiter plates,
showed reactivity on NC-blot-strips (Table 18 and 19). All the positive
clones selected to be frozen or used for ascites production were origin¬
ally detected by NC-blot-strips in the first screening stage.
Culture medium from all the positive clones detected in the first
and second screening stages, the frozen culture medium and the ascites
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Table 18. The number of positive clones from




No. of Positive Clones
First Stage Screening Second Stage Screening
Factor No. Microtiter NC Microtiter NC
Plates^ Strips^ PIates Strips
1 11 3 25 11
6 26 9 36 19
8 27 12 14 7
^EIA in microtiter plates
*^EIA on NC-blot-strips
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Table 19. Record of cloning by limiting dilution in the second stage
screening by two types of enzyme immunoassay
Factor
No.
EIA No. of Positive Clones
500 100 50 10 1 cel 1{s)/wel13
1 MT 1 5 7 8 4
NC 0 2 4 3 2
6 MT 2 7 11 8 8
NC 0 3 6 4 6
8 MT 1 2 3 5 3
NC 0 1 3 2 1
MT = EIA in microtiter plate
NC = EIA on nitrocellulose strips
396-well tissue culture plate
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fluid actived against factor 1, 6 or 8 showed reproducibility in their
patterns even when tested at different dilutions by EIA on NC-blot-strips
(Fig. 31). Antibody against factor 1 stained a single band with all anti¬
gen preparations. However, antibody against either factor 6 or 8 stained
several bands with two different patterns; the same patterns were ob¬
served with all clones (Fig. 31). Two explanations for that are: (i)
each pattern probably demonstrates a different clone type of MAb with
different specificity. (ii) it is predictable that MAb directed against
a single determinant will react with the same epitope residing on dif¬
ferent carrier proteins.
The most powerful features of this screening approach are the high
sensitivity, reproducibility and accuracy of EIA on NC-blot-strips. In
addition, this approach reduces the extent of labor by eliminating all
negative and false positive clones from the first screening stage.
These features make this multiple assay system a powerful tool in select¬
ing MAbs. One can easily characterize MAbs specificities and cross
reactivities within the same or different strains or species.
Characterization of Monoclonal Antibodies
Some of the MAbs directed against factors 6 and 8, showed cross
reactivities with antigens within the same strains as mentioned above.
Attempts were made to study all the MAbs prepared from ascites fluids
for potential cross reactivities with a sonicated cell extract of a
Mycobacterium tuberculosis H37RV standard reference preparation. This
extract showed anodic electrophoretic mobility similar to that of J^.
asteroides CF2 proteins (acidic), focusing between pi 4.0 to 5.0
Fig. 31. Nitrocellulose-blot-strips developed against monoclonal anti¬
bodies. MAbs were factor 1,6 and 8 at pis 4.0, 4.43 and 4.68,
respectively. Antibodies were tested from: a, mouse sera; b,
c (1,2) hybridoma supernates; d, ascites fluid. CF2, the
reference antigens are shown.
,a b c d.




(Fig. 32). The mycobacterial antigens were electrotransferred from
isofocused gels onto NC-blot-strips following the procedure described
above. These NC-blot-strips then were developed by EIA using rabbit
anti-Nocardia CF2 (diluted 1:2000) as control and the MAbs produced from
ascites fluid (diluted 1:1000) against factors 1, 6 and 8; MAbs against
factors 1 and 8 did not crossreact with any of the mycobacterial antigens,
whereas rabbit anti-Nocardia CF2 and MAb against factor 6 showed strong
and weak cross reactivities, respectively (Fig. 32).
Fig. 32, Isofocused Mycobacterium tuberculosis antigens transferred
to nitrocellulose strips and developed against rabbit anti-
Nocardia asteroides culture filtrate antisera and ascites
fluid. M, M. tuberculosis antigens; a, rabbit anti- asteroides
CF2 antiserum; b,c, ascites fluids, f^. asteroides CF2 antigens










The CF and H preparations of asteroides contain a multiplicity
of protein antigens. Many serological attempts with immunodiffusion,
immunoelectrophoresis (lEP), complement fixation, agglutination, and
hemagglutination techniques have been made to study the antigenic struc¬
ture of asteroides. These studies were devoted to taxonomic investi¬
gations as well as for diagnostic purposes. With these conventional
immunological techniques and the relatively new methods such as crossed-
lEP, rocket-IEP and two dimensional lEP, it was shown that N. asteroides
could be classified antigenically into four (Pier and Fichtner, 1971 and
1981) and later into seven immunotypes (Kurup and Scribner, 1981; Kurup,
^ , 1983) depending on the sensitivity of the method used. Moreover,
the crossreactivity between Nocardia species (Ridel 1, 1981; Salman, ^
al., 1982) and other bacteria especially Mycobacterium tuberculosis, was
also demonstrated (Humphreys, ^ ^., 1975; Blumer and Kaufman, 1979;
Bjorvatn and Kronvall, 1980; Rajki, ^ ^., 1982). Neither of these
methods were able to delineate the antigenic relationship within one or
between different species of Nocardia and Mycobacteria, nor to detect
specific antigens for J^. asteroides which are not shared with other
species. This failure is probably due to the relatively low sensitivity
of these techniques since they are antigen-antibody concentration depen¬
dent. The considerable variation in the antigenic composition of
asteroides could be attributed to variable cultural conditions (especi-
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ally the culture medium and the conditions of growth) in addition to
the method used for their detection.
A chemically defined medium was used in this study to eliminate
interference from extraneous proteins in the analysis of asteroides
antigens. It has been demonstrated that 2-week-old CF has little or
no cell wall antigenic materials present (Scheidau and Shaffer, 1960,
Cummins, 1962; Pier and Keeler, 1965). Thus, it has been demonstrated
the culture age is an important consideration in studying the specificity
of J^. asteroides antigens as antigenic similarities between wall antigens
of Nocardia and Mycobacteria. The longer periods of incubation of 4 to
6 weeks used in our studies resulted in a large number of antigenic
factors in the CF probably because of autolysis. The CF and H pre¬
parations from the 4- and 6-week-old cultures demonstrated similar,
if not identical, patterns in isofocused gels with the exception of
concentration differences and an extra antigen in the CF (at pi 4.0)
which was not present in the H preparations (Figs. 18 and 19). However
the 4-week-old culture on Sauton's medium was adequate for enumerating
asteroides antigenic proteins by lEP and IFF. The proteins in the
CF and H preparations focused in the acidic range in agreement with the
finding of Rajki ^ in 1981 who used 3-week-old cultures. However,
it is not known if this younger culture would provide a complete spec¬
trum of proteins or a different pattern entirely.
Isoelectric Focusing
The IFF is an equilibrium technique in which the proteins are limited
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in their mobility by the pH gradient. As long as the pH gradient remains
stable the protein patterns will not change. For regulatory purposes,
proteins were better resolved and produced a less complicated pattern
by using the narrow-range (pH 4.0-6.5) pH gradient. Even more narrow
pH gradients could be used for further analysis of the region of in¬
terest and thus reduce the rather complicated protein pattern into fewer
and better specified fractions. These would, in turn, be more suited
to identification and further analysis. One of the greatest advantages
of this technique is that at their isoelectric points proteins remain
in the native configuration. In contrast, treatment with sodium dodecyl
sulfate (SOS) gel electrophoresis causes changes in the surface structure
of proteins. Our results showed that clear and consistent banding pat¬
terns were reproducibly attained and it was thus possible to distin¬
guish readily between the CF and H proteins. Thus, lEF clearly revealed
significant similarities between the protein profiles of the two pre¬
parations. The introduction of lEF as a tool in the field of Nocardia
serology will be of considerable value and should be considered for
further investigation.
Immunoblotti ng
The immunoblot technique combines the high resolving power of lEF
and the high sensitivity of the EIA to produce an extremely powerful
tool for studying antigen-antibody specificities. Using this procedure
N. asteroides antigens electrophoretical ly resolved on the lEF gel were
transferred into NC strips, then identified and characterized by EIA
method. This immunoblot technique adapted for use with isofocused gels
facilitated a rapid comparison of sera from nocardiosis and tuberculosis
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patients' sera. Because of the high sensitivity of this technique, we
were able to show at least 3 to 8 bands with nocardiosis and tuberculosis
patients' sera which exceeds the none to 3 bands in any of the conventional
methods used by other investigators. The stability of the blot strips
(i.e. they can be stored at “40°C for over 6 months without losing acti¬
vity), and the high sensitivity of the primary binding assay recommend
this immunoblot technique as a prototype reference diagnostic test. With
this technique one can estimate the degree of reactivity of circulating
antibodies present in nocardiosis patients' sera as a function of develop¬
ment time. One patient's serum had a multiplicity of antibodies that
surpassed the complexity of the pattern in hyperimmune rabbit antiserum.
In addition, this technique permitted the identification of antigens at
pis of 4.68 and 4.0 which have the greatest potential for providing
specific factors for nocardiosis detection. On the basis of the present
panel of case sera, the protein focusing at pi 4.68 differentiates the
pathogenic nocardiae from M. tuberculosis. Furthermore, two nocardial
antigens reacted with sera from normal humans and rabbits because of
the high sensitivity of this technique. Natural antibodies should be
expected because of our exposure to the soil which is the normal habitat
for nocardiae, or to other bacteria which share common antigens with
asteroides. In addition, nocardiosis in normal individuals is a chronic,
indolent infection and it is not surprising to find circulating antibod¬
ies in sera of such patients. However, the interval between the onset
of illnes and timing of the serum specimen to detect the exact relation¬
ship between infection and seroconversion needs to be investigated.
Comparison of the various N. asteroides immunotypes by this immunoblot
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technique also seems worthwhile to determine if type specific factors can
be identified and purified. A pool of antigens for diagnostic purposes,
obtained from different immunotypes, could avoid false negative results
as suggested by Kurup and Scribner (1981).
The optimal conditions of this modified immunoblot technique were
experimentally determined. Isofocused asteroides proteins should be
neutralized and transferred in 25 mM NaP04 buffer at pH 7.4. Electro¬
transfer blots were best performed initially with low field strength
followed subsequently by high field strength, thus allowing the low
and high molecular weight molecules to bind to NC paper respectively.
The blotting time varied from 1-3 hr and can be manipulated depending on
the blotting copies required. This time manipulation with several NC
sheets in tandum offered a new dimension in Nocardia species protein
separation because only some lower molecular weight proteins were cap¬
tured in the second and third NC sheet. Thus it was possible to
achieve a further Jjn situ purification of the antigens. Different pore
size NC sheets should be experimentally used in tandem with such a
technique to evaluate the potential of separating proteins with NC
sieving according to their molecular weight, thus allowing this techni¬
que to become a new aid for protein separation. It would be of interest
if one could control the type of protein to be captured in the second
or third NC sheet.
Monoclonal Antibodies
The hybridoma technique was used because of its proven potential of
producing highly specific antibodies against specific determinants. Our
results showed the specificity of the MAbs produced against antigenic
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determinants in asteroides antigens (factor 1 and 8). Some of these
MAbs demonstrated several bands on N.C.-Nocardia antigens bound to strips
which is not surprising, because these MAbs are determinant specific and
cross reactions will result from one antibody recognizing the same anti¬
genic determinant on different protein carriers. In our attempt to
produce these MAbs, it seems that partial purification of the antigens
by cutting unstained gel strips containing the factor bands and directly
injecting them into mice was surprisingly effective in the specificity
of these animals' responses. This is probably due to long term leakage
of antigen from the depot of injected polyacrylamide particles. However,
in mice, in contrast to rabbits, a lethal effect occurred when they were
injected with stained gels (Boulard and Lecroisey, 1982). This deadly
effect is understandable and probably results from the high concentration
of ethyl alcohol and trichloroacetic acid in the staining solution.
These chemicals may have been toxic and intolerable in these small
creatures.
The use of the multiple screening assays was very effective in its
application for the detection of MAbs in the hybridoma culture super-
nates. This screening assay demonstrated high sensitivity, specificity
and accuracy in addition to its simplicity, reproducibility, and speed.
The EIA on NC-blot-strips demonstrated superiority in its accuracy to
the EIA in microtiter plates for screening hybridoma fluids, although both
methods are analogous in concept and sensitivity. Only those hybridoma
producing antibodies to the specific factors 1, 6 and 8, could be detected
by EIA on NC-blot-strips. More tests are needed to evaluate the MAbs
specificity, i.e. testing them with different species of Mycobacteria
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antigens to be sure that they are specific for determinants found only
in Ji. asteroides. If they are proven to be specific for Nocardia, then
they could be tested as analytical reagents for detecting the minute
amounts of Nocardia antigens or immune complexes which may be found in
nocardiosis patients' blood-stream or their body fluids. The MAbs can
be a powerful aid in the isolation of specific antigens which then may
be evaluated as nocardiosis skin test reagents. The established cell
lines which produce these MAbs then would be valuable as sources of
unlimited quantities of these materials.
In conclusion the results of these investigations have provided a
means of detecting a pattern of humoral responses in humans infected
with asteroides. The clinical implementation of this NC "immuno-
blot" strip test may facilitate the rapid, non-invasive diagnosis of
nocardiosis. Evaluation of immunoblot strips in large series of patients
with nocardiosis and related mycobacteriosis infections is needed to
confirm these findings. Important information can be obtained on the




1. The culture filtrate produced after 4-weeks growth on Sauton's
medium is adequate for enumerating asteroides antigenic proteins
by lEP, lEF and the immunoblot techniques.
2. The immunoelectro-transfer blot technique adapted for use with lEF
gels is optimized and introduced as a tool for serological studies
of asteroides.
3. This technique showed several advantages over the conventional
immunological methods previously used in similar studies:
a. A rapid comparison of sera from nocardiosis and tuberculosis
patients is facilitated.
b. The technique permited the identification of antigens (at pi
4.0 and 4.68) that have the most promise of providing potent
and specific factors for nocardiosis detection.
c. The different patterns and degree of reactivity of antibodies
present in nocardiosis and tuberculosis patients' sera could be
estimated.
d. The accurate detection of MAbs is made possible.
4. Because of the stability of the blot-strips and the high sensit¬
ivity of the primary binding assay, this technique can be recom¬
mended as a prototype reference diagnostic test.
5. Because of the filtration of proteins through the NC sheets, this




6. Strips of unstained polyacrylamide gels containing specific factors
can be used effectively in the immunization of mice for MAbs
production.
7. Finally, and most importantly, is the production of two MAbs which
show specificity for N^. asteroides. factors 1 and 8.
8. Problems remaining to be solved include:
a. Long term evaluation of NC-blot-strips should be evaluated as
diagnostic aids.
b. Long term evaulation of the prepared MAb for their specifi¬
city is necessary before they can be used for further purifi¬
cation of nocardial antigens.
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APPENDIX A
Complete Medium
a. RPMI 1640 500 ml
b. Sodium pyruvate (100 mM) 6 ml
c. Insulin-transferrin-selenium (ITS)^ (lOOX) 6 ml
d. Glutamine (200 mM) 6 ml
e. 2-Mercaptoethanol (O.IM) 6 ml
f. HEPES (N-2 Hydroxyethyl piperazine 6 ml
N-2 ethane sulfonic acid (IM)
g. Sodium bicarbonate (7%) 12 ml
h. Penicil lin-Streptomycin-Fungizone (PSF)t> 3 ml
(200X)
i. Mix well in one liter-Wheaton screw cap bottle
j. Sterilize by filtration using Nalgene filter unit
(0.2 urn)
k. Store at 4°C
^ITS: Ig (I), 1 g (T) and 1 ml (500 g/ml) (S); dilute to one liter
deionized H2O and sterilize by filtration




a. Reinforced Minimal Essential Medium (RMEM)^ 1000 ml
b. HEPES (IM) (Appendix A) 12 ml
c. Glutamine (200 mM) 12 ml
d. ITS (Appendix A) 12 ml
e. PSF (Appendix A) 6 ml
f. Sodium bicarbonate (7%) 24 ml
g. Fetal calf serum (FBS) 100 ml
h. 2 ME (O.IM) diluted 1:20 with phosphate buffer
sal ine (PBS) 12 ml
i. Mix wel1
j. Sterilize by filtration
3RMEM is equivalent to Dulbecco's Modified Eagles Medium (DMEM).
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APPENDIX C
Hybridization Medium or "HAT" media
a. Complete medium (Appendix A)
b. Hypoxanthine-Aminopterin (HA)^
c. Ami nopterin (A)^






f. Sterilize by filtration through Nalgene filter unit (0.2 urn)
g. Store at -80°C as stock solution
®(H), 6-hydroxypurine, Sigma grade, M. W. 136.1 Final concentration
10"^M (136 mg/100 ml = 100 x stock solution).
(T), Sigma grade, crystalline, M. W. 242.2. Final concentration
3xl0“^M (80 mg/100 ml = 100 x stock solution)
*^(A), 4-ami no-10-methyl folic acid; 4-amino-N-10“ pteroglutamic acid.
Sigma grade. Final concentration 10"^M, pH 7.8 (100 mg/100 ml =




a. Feeding media (Appendix B)
b. Conditioned medium (collected from growing
myeloma cells)
c. Cloning fetal calf serum (heat inactivated)
d. Add PSF and glutamine to replace spent
activities in conditioned media.






Dilution Procedure for Cloning
1. Prepare 1:20 dilution at a concentration of 1 x 10® cells/ml (0.2 ml
cell suspension from a well with good growth + 3.8 ml cloning medium)
2. From this suspension prepare 5 dilutions as fol 1 ows:
Amount from Cloning media no. of cel Is
1:20 dilution (ml) add (ml) yield/0.1 ml
1.25 11.25 500
0.25 12.5 100
0.125 12.5 50
0.025 12.5 10
0.0025 12.5 1
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